GMT(1)

NAME

GeneridVlapping Tols GMT(1)

GMT - The Generic Mapping Tools data processing and display software package

INTRODUCTION
GMT is a collection of public-domain Unix tools that allows you to manipulate x,y and x,y,z data sets (fil-
tering, trend fitting, gridding, projecting, etc.) and prodBostScriptillustrations ranging from simple x-y
plots, via contour maps, to artificially illuminated sw#s and 3-D perspeaiviews in black/white or full

color. Linear logl10, and pwer scaling is supported in addition to 25 common map projections. The pro-
cessing and display routines wittBMT are completely general and will handley &r,y) or (x,yz) data as

input.

SYNOPSIS
GMT is also a wrapper script that can stast afithe programs:

GMT module module-options

where module is the name ofaMT program and the options are those that pertain to that particular pro-

gram.

GMT OVERVIEW
The following is a summary of all the programs supplied V8T and a very short description of their
purpose. Detailed information about each program can be found in the separate manual pages.

blockmean
blockmedian
blockmode
filterld
fitcircle
gmt2rgb
gmtcornvert
gmtdefaults
gmtmath
gmtset
gmtselect
grdfilter
grd2cpt
grd2xyz
grdblend
grdclip
grdcontour
grdcut
grdedit
grdfft
grdgradient
grdhisteq
grdimage
grdinfo
grdlandmask
grdmask
grdmath
grdpaste
grdproject
grdreformat
grdsample
grdtrend
grdtrack

GMT4.2.1

L2 (x,y,z) data filter/decimator
L1 (x,y,z) data filter/decimator
Mode (x,y,z) data filter/decimator
Filter 1-D data sets (time series)
Finds the best-fitting great circle to a set of points
Corvert Sun rasterfile or grid tq g, b gids
Corvert between ASCII and binary 1-D tables
List the current default settings
Mathematical operations on data tables
Set individual default parameters
Extract data subsets based on spatial criteria
Filter 2-D data sets in the space domain
Make a ®lor palette table from a grid file
Corversion from 2-D gridded file to table data
Blend seeral partially over-lapping grid files onto one grid
Limit the z-range in gridded data
Contouring of 2-D gridded data
Cut a sub-region from a grid file
Modify header information in a 2-D gridded file
Operate on grid files in theawenumber (or frequency) domain
Compute directional gradient from grid files
Histogram equalization for grid files
Produce images from 2-D gridded data
Get information about grid files
Create mask grid file from shoreline data base
Reset nodes outside a clip path to a constant
Mathematical operations on grid files
Paste together grid files along a common edge
Project gridded data onto ameoordinate system
Corverting between different grid file formats
Resample a 2-D gridded data set ontova gréd
Fits polynomial trends to grid files
Sampling of 2-D data set along 1-D track
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grdvector
grdview
grdvolume
makecpt
mapproject
minmax
nearneighbor
project
ps2raster
psbasemap
psclip
pscoast
pscontour
pshistogram
psimage
pslegend
psmask
psrose
psscale
pstext
pswiggle
psxy

psxyz
sampleld
spectrumld
splitxyz
surface
trend1d
trend2d
triangulate
xyz2grd

SEE ALSO
Look up the individual man pages for more details and full synfaxa GMT without options to list all
GMT programs and to shoall installation directories. Information is alseadable on theGMT home
page gmt.soest.haii.edu
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Plot vector fields from grid files
3-D perspectie imaging of 2-D gridded data
Volume calculations from 2-D gridded data
Make GMT color palette tables
Forward or irverse map projections of table data
Find extreme values in data tables
Nearest-neighbor gridding scheme
Project data onto lines/great circles
Crop and covert PostScript files to raster images, EPS, and PDF
Create a basemap plot
Use polygon files to define clipping paths
Plot coastlines and filled continents on maps
Contour xyz-data by triangulation
Plot a histogram
Plot images (EPS or Sun raster files) on maps
Plot legend on maps
Create gerlay to mask out regions on maps
Plot sector or rose diagrams
Plot gray scale or color scale on maps
Plot text strings on maps
Draw time-series along track on maps
Plot symbols, polygons, and lines on maps
Plot symbols, polygons, and lines in 3-D
Resampling of 1-D table data sets
Compute various spectral estimates from time-series
Split xyz-files into seeral segments
A continuous curvature gridding algorithm
Fits polynomial or Fourier trends to y = f(x) data
Fits polynomial trends to z = f(x,y) data
Perform optimal Delaunay triangulation and gridding
Corvert equidistant xyz data to a 2-D grid file
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NAME

blockmean - filter to blockvarage &,y,2 data by L2 norm

SYNOPSIS

blockmean|[ xyz[w]file(s)] —Ixindunit][=|+][/yindunit][=[+]] —Rxminxmaxyminymaxr][ -C]1[ -D ]|
—EI[-F][-HIillnred ][ -SwIZ] ][ =V ][ -W[io] ] [ —:[ilo] ] [ -blilo][s|S/d|D][ncoll ] [ —f[ilo]colinfo]

DESCRIPTION
blockmeanreads arbitrarily locatedky,? triples [or optionally weighted quadruplesyz,\] from stan-
dard input [orxyz[w]file(s] and writes to standard output a mean position and valuevéoy aon-empty
block in a grid region defined by thdk and-I amguments. Eitheblockmean, blockmedian, or block-
mode should be used as a pre-processor before rusnirigceto avoid aliasing short wvdengths. These
routines are also generally useful for decimatingveraming &,y,2 data. You can modify the precision of
the output format by editing the. FORMAT parameter in your .gmtdefaults4 file, or you may choose
binary input and/or output using single or double precision storage.

xyz[w]file(s)

OPTIONS
-C

-E

GMT4.2.1

3 [or 4] column ASCII file(s) [or binarysee-b] holding (x,y,4,w]) data alues. Y] is an gtional
weight for the data. If no file is specifididpckmeanwill read from standard input.

x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaay, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal ¥ inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheveyaeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—-Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

Use the center of the block as the output location [Default uses the mean location].

Provide Extended report which includsgthe standard deviation of the medn}he lowest alue,
and h, the high value for each block. Output order becomgs,s,|,hw]. [Default outputs
x,¥,4,w]. See-W for w output.

Block centers ha pxel registration. [Dedult: grid registration.] (Registrations are defined in
GMT Cookbook Appendix B on grid file formatsBach block is the locus of points nearest the
grid value location. Br example, with-R10/15/10/15 and andl1: with the —F option 10 <=
(x,y) < 11 is ;e of 25 blocks; without it 9.5 <x ) < 10.5 is one of 36 blocks.

Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
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have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped. Not used with binary data.

-S Use —-Sz to report the sum of al-values inside a block, orSw to report the sum of weights
[Default reports mean value]. #Swis selected and no weights are supplied (i.e s\Wogiven),
then the weight sum will equal the number of points inside each block.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Weighted modifier[s]. Unweighted input and output has 3 coluripng Weighted i/o has 4 col-
umnsx,y,z,w Weights can be used in input to construct weighted makes in blocks.Weight
sums can be reported in output for later combiningraé runs, etc.Use-W for weighted i/o,
-Wi for weighted inputonly;-Wo for weighted output only[Default uses unweighted i/o].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olfifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 3 (eiMiifs set)].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8& or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 3 (or 4 ifWo is set)].—E adds 3 additional columns.

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botljive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[i|o]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To find 5 by 5 minute block mean values from the ASCII data\vaihayg, run

blockmeanhawaii.xyg —R198/208/18/25-15m > hawai_5x5.xyg

SEE ALSO
blockmediafil), blockmodél), gmtdefaultél), GMT(1), nearneighbo(l), surfacdl), triangulatg1)
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NAME
blockmedian - filter to blockvarage &,y,2 data by L1 norm.

SYNOPSIS
blockmedian [ xyz[w]file(s)] —Ixindlunit][=|+][/ yindfunif][=|+]] —RxminxmaxyminymaxXr][ -C ][ -E]
[ ;F]] [ -Hlillnred ] [ Q][ -Tquartile] [ -V ] [ ~W[io] ] [ —[ilo] ] [ —b[ilo][s|S|d|D][ncol ] [ —f[i|o]col-
info

DESCRIPTION
blockmedianreads arbitrarily locatedc{y,? triples [or optionally weighted quadruplesyz,w] from stan-
dard input [orxyz[w]file(s] and writes to standard output a median position atdevfor @ery non-empty
block in a grid region defined by theR and-I arguments. Eitheblockmean blockmedian, or block-
mode should be used as a pre-processor before rusnirigceto avoid aliasing short wvdengths. These
routines are also generally useful for decimatingveraming &,y,2 data. You can modify the precision of
the output format by editing the. FORMAT parameter in your .gmtdefaults4 file, or you may choose
binary input and/or output using single or double precision storage.

xyz[w]file(s)
3 [or 4] column ASCII file(s) [or binarysee-b] holding (x,y,4,w]) data \alues. Y] is an gtional
weight for the data. If no file is specifidilpckmedianwill read from standard input.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaay, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/aeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

OPTIONS
-C Use the center of the block as the output location [Default uses the median loaztiseed®)].
—C overrides—Q.

-E Provide Extended report which includegthe L1 scale of the median),the lowest value, ank,
the high value for each block. Output order becorpeg,s,|,iiw]. [Default outputsx,y,,w]. See
-W for w output.

-F Block centers ha pxel registration. [Dedult: grid registration.] (Registrations are defined in
GMT Cookbook Appendix B on grid file formatsBach block is the locus of points nearest the
grid value location.For example, with—-R10/15/10/15 and andl1: with the —F option 10 <=
(x,y) < 11 is ;e of 25 blocks; without it 9.5 <x ) < 10.5 is one of 36 blocks.
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-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped. Not used with binary data.

-Q (Quicker) Finds mediamand §, y) at thatz [Default finds mediax, mediany, medianz].

-T Sets thequartile of the distribution to be returned [Default is 0.5 which returns the megiian
Here, 0 <quartile< 1.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Weighted modifier[s]. Unweighted input and output has 3 colurgpng Weighted i/o has 4 col-
umnsx,y,z,w Weights can be used in input to construct weighted makes in blocks.Weight
sums can be reported in output for later combiningraé runs, etc.Use-W for weighted i/o,
-Wi for weighted inputonly;-Wo for weighted output only[Default uses unweighted i/o].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 3 (eiMiifs set)].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 3 (or 4 #¥Wo is set)].—E adds 3 additional columns.

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To find 5 by 5 minute block medians from the double precision binary datavaii Haxyg and output an
ASCII table, run

blockmedian hawaii_b.xyg —R198/208/18/25-15m —hi3 > hawdi_5x5.xyg

SEE ALSO
blockmealil), blockmodé€l), GMT(1), gmtdefaultél), nearneighbo(l), surfacg1), triangulatg1)
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NAME

blockmode - filter to blockwerage &,y,2 data by mode estimation.

SYNOPSIS

blockmode [ xyz[w]file(s)] —Ixindunit][=|+][/yindfunif][=|+]] —Rxmin’xmaxXyminymaXr][ -C][ -E]]|
~F1[-H[il[nred ] [ -QT[ -V 1[ -WI[io] ] [ —:[ilo] ][ —blilo][s|S/d|D][ncoll ] [ —f[ilo]colinfo]

DESCRIPTION
blockmode reads arbitrarily locatedky,? triples [or optionally weighted quadruplesy,z,\] from stan-
dard input [orxyz[w]file(s] and writes to standard output mode estimates of position and valueefgr e
non-empty block in a grid gion defined by theR and-I aguments. Eitheblockmean blockmedian,
or blockmode should be used as a pre-processor before runsiméace to avoid aliasing short
wavelengths. Theseoutines are also generally useful for decimatingweraaging &,y,2 data. You can
modify the precision of the output format by editing Bnd=rORMAT parameter in your .gmtdefaults4 file,
or you may choose binary input and/or output using single or double precision storage.

xyz[w]file(s)

OPTIONS
-C

-E

GMT4.2.1

3 [or 4] column ASCII file(s) [or binarysee-b] holding (x,y,4,w]) data \alues. Y] is an gtional
weight for the data. If no file is specifididpckmodewill read from standard input.

x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaaly, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrtbmber of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/aeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; tHeis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

Use the center of the block as the output location [Default uses the modal xy locatieedb
-Q)]. —C overides—Q.

Provide Extended report which includegthe L1 scale of the modéd),the lowest value, anh,
the high value for each block. Output order becorpeg,s,|,iiw]. [Default outputsx,y,,w]. See
-W for w output.

Block centers ha pxel registration. [Dedfult: grid registration.] (Registrations are defined in
GMT Cookbook Appendix B on grid file formatsBach block is the locus of points nearest the
grid value location.For example, with—-R10/15/10/15 and andl1: with the —F option 10 <=
(x,y) < 11 is ;e of 25 blocks; without it 9.5 <x ) < 10.5 is one of 36 blocks.
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-H

—bi

-bo

Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines

and lines starting with # arevadys skipped. Not used with binary data.

(Quicker) Finds mode and meanx, y) [Default finds mode, modey, modez].
Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Weighted modifier[s]. Unweighted input and output has 3 colurpng Weighted i/o has 4 col-
umnsx,y,z,w Weights can be used in input to construct weighted makes in blocks.Weight
sums can be reported in output for later combiningraé runs, etc.Use-W for weighted i/o,
-Wi for weighted inputonly;-Wo for weighted output only[Default uses unweighted i/o].

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 3 (eiMiifs set)].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 3 (or 4 ifWo is set)].—E adds 3 additional columns.

Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive cme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES

To find 5 by 5 minute block mode estimates from the double precision binary dateasin bxyg and out-
put an ASCII table, run:

blockmodehawaii_b.xyg —R198/208/18/25-15m —bi3 > hawai_5x5.xyg

SEE ALSO

blockmealil), blockmediafil), GMT(1), gmtdefault§l), nearneighbo¢l), surfacgl), triangulatg(1)

GMT4.2.1
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NAME
filterld — Time domain filtering of 1-D time series

SYNOPSIS
filterld [ infile ] —F<type><width>[modgd [ —Dincrement] [ —E ] [ —H]Ji][nred ] [ —lignore_val] [
—-Llack_width] [ —=Nn_cols/t_col] [ —Qq_factor] [ —Ssymmetry_factol] [ —Tstart/stop/int] [ =V ] [
=b[ilo][s|S|d|D][ncoll ] [ —f[i]o]colinfo]

DESCRIPTION
filterld is a general time domain filter for multiple column time series dHt&. user specifies the number
of columns of input and which column is the tim&ee-N option belav). Thefastest operation occurs
when the input time series are equally spaced awel hiagaps or outliers and the special options are not
needed.filterld has optionsL, -Q, and-S for unesenly sampled data with gaps.

infle  Multi-column ASCII (or binarysee-b) file holding data values to be filtered.

-F Sets the filter type. Choose among \amuation and non-covolution filters. Append the filter
code followed by the full filtewidth in same units as time columnvallable cowolution filters
are:

(b) Boxcar: All weights are equal.

(c) Cosine Arch: Weights follw a csine arch curve.

(g) Gaussian: Weights arewgn by the Gaussian function.

(f) Custom: Instead aofvidth give rame of a one-column file with your own weight coefficients.
Non-corvolution filters are:

(m) Median: Returns median value.

(p) Maximum likelihood probability (a mode estimator): Return moddug. If more than one
mode is found we return theivexage alue. Append or + to the filter width if you rather want to
return the smallest or largest of the modal values.

() Lower: Return the minimum of all values.

(L) Lower: Return minimum of all posite values only.

(u) Upper: Return maximum of all values.

(U) Upper: Return maximum or all gdive values only.

Upper case typB, C, G, M, P, F will use robust filter versions: i.e., replace outliers (2.5 L1 scale
off median) with median during filtering.

In the case oE|U it is possible that no data passes the initial sign test; in that case the filter will

return 0.0.
OPTIONS
-D increments used when series is N@quidistantly sampledThenincrementwill be the abscissae
resolution, i.e., all abscissae will be roundefttofa nultiple of increment Alternatively, resam-
ple data withrsampleld
-E Include Ends of time series in output. Default loses half the filter-width of data at each end.
-H Input file(s) has Header record(s). Number of header records can be changed by editing your

.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

= To ignore values; If an input value equigsore_valit will be set to NaN.

-L Checks for Lack of data condition. If input data has a gapedingwidth then no output will be
given at that point [Default does not check Lack].

-N Sets number of columns in input and which column contains the independent variable (time). The
left-most column is # 0, the right-most isr# €ols- 1). [Default isn_cols=2,t col=0; i.e., file
has t, f(t) pairs].

-Q assess Quality of output value by checking mean weight wvotdion. Enterq_factorbetween 0
and 1. If mean weight g_factor, output is suppressed at this point [Balt does not check Qual-

ity].
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-S Checks symmetry of data about wimdoenter Enter a factor between 0 and [£.( (abs(n_left -
n_right)) / (n_left + n_right) ) *actor, then no output will be gén at his point [Default does not
check Symmetry].

-T Make evenly spaced timesteps frogtart to stopby int [Default uses input times].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program.

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To filter the data set in the file cruise.gmtd containimgnly spaced graty, magnetics, topograpgh and
distance (in m) with a 10 km Gaussian filtermoving outliers, and output a filtered valueesy 2 km
between 0 and 100 km:

filterld cruise.gmtd-T0/1.0e5/2006-FG10000-N4/3 -V > filtered_cruise.gmtd

Data along track often k& uneven sampling and gaps which we do not want to interpolate usamy-
pleld. To find the median depth in a 50 km wimdevery 25 km along the track of cruise v3312, stored in
v3312.dt, checking for gaps of 10km and asymmetry of 0.3:

filterld v3312.dt-FM50-T0/100000/25-L10-80.3 > v3312_filt.dt

SEE ALSO
GMT(1), sampleldl)

GMT4.2.1 100ct 2007 2



FITCIRCLE(2) GeneridMapping Dols FITCIRCLE(2)

NAME

fitcircle — find mean position and pole of best-fit great [or small] circle to points on a sphere.
SYNOPSIS

fitcircle [ xyfile] —Lnorm[ —H[i][nred ][ =S1[ =V 1] =:[ilo] 1 [ —bi[s|S|d|D][ncol] ][ —f[i|o]colinfo]
DESCRIPTION

fitcircle reads lon,lat [or lat,lon] values from the firsioteolumns on standard input [ayfile]. Theseare
corverted to Cartesian three-vectors on the unit sphere. Therowations are found: the mean of the
input positions, and the pole to the great circle which best fits the input posifiogsiser may choose one
or both of two possible solutions to this problem. The first is calldd and the second is called.2.
When the data are closely grouped along a great circle both solutions are dfttlilardata hee large dis-
persion, the pole to the great circle will be less well determined than the @eampare both solutions as
a qualitatve check.

The -L1 solution is so called because it approximates the minimization of the sum of absolute values of
cosines of angular distance$his solution finds the mean position as the Fisherage of the data, and

the pole position as the Fishereeage of the cross-products between the mean and the Alagaging
cross-products ges weight to points in proportion to their distance from the mean, analogous towvire "le
age" of distant points in linear regression in the plane.

The-L2 solution is so called because it approximates the minimization of the sum of squares of cosines of
angular distances. It creates a 3 by 3 matrix of sums of squares of components of tieetdeta Vhe
eigervectors of this matrix gie the mean and pole locations. This method may be more subject to foundof
errors when there are thousands of data. The polees by the eigemector corresponding to the smallest
eigervaue; it is the least-well represented factor in the data and is not easily estimated by either method.

-L Specify the desiredormas 1 or 2, or useL or —-L3 to see both solutions.

OPTIONS
xyfile  ASCII [or binary see—b] file containing lon,lat [lat,lon]alues in the first 2 columns. If no file is
specifiedfitcircle will read from standard input.

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

-S Attempt to fit a small circle instead of a great circle. The pole will be constrained to lie on the
great circle connecting the pole of the best-fit great circle and the mean location of the data.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give azme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
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precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
Suppose you ha& lon,lat,gra data along a twisty ship track in the file ship.xygpu want to project this
data onto a great circle and resample it in distance, in order to filter it or check its spectrum. Dowhe follo
ing:

fitcircle ship.xyg-L2
project ship.xyg—Cox/oy —Tpx/py -S —Fpz |[sampleld -S100-I1 > output.pg

Here,ox/oy is the lon/lat of the mean frofitcircle, and px/py is the lon/lat of the pole. The file output.pg
has distance, gravity data sampledrg 1 km along the great circle which best fits ship.xyg

SEE ALSO
GMT(2), project(1), sampleldl)
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NAME
gmt2rgh — Cowerting a grid file, a r&, or a Qun raster file to r/g/b grids

SYNOPSIS
gmt2rgb infile —Gtemplate [ —Ccptfile ] [ -F ] [ -Ixindm|c][/yindm|c]] ] [ -Llayer ] [
—Rxmin’xmaxyminymaxr] ][ -V ][ -WwidthVheighf/n_byte$

DESCRIPTION
gmt2rgb reads one of three types of input files: (1) A Sun 8-, 24-, or 32-bit raster file; we the write out the
red, green, and blue components (0-255 range) to separate grid files. Since the raster file header is limited
you may use theR, —F, —I| options to set a complete header record [Default is simply based on the number
of rows and columns]. (2) A binary 2-D grid file; we thenw@hthe z-values to red, green, blue via the
provided cpt file. Optionally only write out one of the, g, b, layers. (3)A RGB or RGBA raw raster file.
Since rav rastefiles hae o headeryou have o give the image dimensions via th&V option.

infle  The (1) Sun raster file, (2) 2-D binary grid file, or (3y raster file to be camrted.

-G Provide an output name template for the three output grids. The template should be a regular grid
file name except it must contain the string %c which on output will be replaced,lyr b
OPTIONS
-C name of the color palette table (for 2-D binary input grid only).
-F Will force pixel registration [Default is grid registration].

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respeaaly, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheveyaeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-L Output only the specified layer, {1, or . [Default outputs all 3 layers].

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—-Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Sets the size of thewaraster file. By default an RGB file (which has 3 byte®]iis assumed.
For RGBA files usen_bytes= 4. Use-W for guessing the image size of a RGBvfile, and
-W=/=/4 if the rav image is of the RGBtype. Noticethat this might be a bit slobecause the
guessing algorithm makes uses of FFTs.
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EXAMPLES

To use the color palette topo.cpt to creatg, b @mponent grids from haaii_grv.grd file, use

gmt2rgb hawaii_grv.grd —Ctopo.cpt-Ghawaii_grv_%c.grd

To autput the red component from the Sun raster radiation.ras file, use

gmt2rgb radiation.ras-Lr —-Gcomp_%c.grd

SEE ALSO
gmtdefaultél), GMT(1), grdedit(1), grdimage(1), grdmath(1), grdview(1)
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NAME

gmtcorvert — Corverts, Pastes, and/or Extracts columns from ASCII and binary 1-D tables

SYNOPSIS

gmtcorvert [ inputfiles] [ —A ][ —D[templaté ] [ —E[f|I] ] [ —Fcols] [ —-H[i][nred 1[ -L 1[ -1 11
—MTilo][flag] ][ =N ][ —S'search gring") ][ =V 1[ —:[ilo] ][ —blilo][s|S|d|D][ncoll ] [ —f[i|o]colinfo]

DESCRIPTION
gmtcorvert reads its standard input [or inputfiles] and writes out the desired information to standard out-
put. Itcan do a combination of three things: (1) \@hbetween binary and ASCII data tables, (2) paste
corresponding records from multiple files into a single file, (3) extract a subset of the columns, (4) only
extract segments whose header matchestaptdtern search, (5) just list all multisegment headers and no
data records, and (6) extract first and last data record for egrlersie Inpufand hence output) mayvea
multiple subheaders #M is selected, and ASCII tables maywéaegular headers as well.

datafile(s)

OPTIONS
-A

—bi

GMT4.2.1

ASCII (or binary see-hi) file(s) holding a number of data columns.

The records from the input files should be pAsted horizontadlyappendedertically. [Default
processes one file at the timé&jote for binary input, all the files you want to paste muse Hze
same number of columns (as set with).

For multiple segment data, dump each segment to a separate output fal{Deftes a multiple
segment file to stdout]. Append a format template for theviddial file names; this template

must contain a C format specifier that can format an integer argument (the segment number); this
is usually %d but could be %8.8d which/gs leading zeros, etc. [Default is gmteert_seg-
ment_%d.d].

Only extract the first and last record for eachnsent of interest [Default extracts all records].
Optionally, appendf or | to only extract the first or last record of each segment, reggegcti

Give a omma-separated list of desired columns or ranges (0 is first column) [Default outputs all
columns].

Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines

and lines starting with # arevadys skipped.

Invert the order of rars, i.e., output the final records inveese ordersarting with the last and
ending up with the first input wo[Default goes forward].

Only output a listing of all multiggnent header records and no data records (reqtivleand
ASCII data).

Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and-Mo to give eparate settings.

Do not write records that only contain NaNs werg field [Default writes all records].

Only output those segments whose header record contains the specified text stanly fDgfut
all segments].

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program.
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-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give azme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To oonvert the binary file test.b (single precision) with 4 columns to ASCII:

gmtcorvert test.b—bis4 > test.dat

To oornvert the multiple segment ASCII table test.d to a double precision binary file:
gmtcorvert test.d-M —bo > test.b

You havean ASCII table with 6 columns and you want to plot column 5 versus colurfiryO.
gmtcorvert table.d-F5,0 | psxy ...

If the file instead is the binary file results.b which has 9 single-precisioes/per record, we extract the
last column and columns 4-6 and write ASCII with the command

gmtcorvert results.b-F8,4-6 -bi9s | psxy ...

You want to plot the 2nd column of the file left.d versus the first column of file right.d:
gmtcorvert left.d right.d—S —FL,2 | psxy ...

To extract all segments in the file big_file.d whose headers contain the string "RIDGE AXIS", try

gmtcorvert big_file.d—-M -S"RIDGE AXIS" > subset.d

SEE ALSO
GMT(1), minmax1)
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NAME

gmtdefaults — @ list currentGMT defaults
SYNOPSIS

gmtdefaults —Duls] | —-L
DESCRIPTION

gmtdefaults lists theGMT parameter defaults if the optiefD is used. There are threeays to change
some of the settings: (1) Use the commgmiset (2) use ap texteditor to edit the file .gmtdefaults4 in
your home, “/.gmt or current directory (if you do noténdhis file, rungmtdefaults-D > ~/.gmtdefaults4 to

get one with the system default settings), or (@rride ary parameter by specifying one or more
——PARAMETER=VALUE statements on the commandline of &@MT command PARAMETER and
VALUE are ay combination listed bel@). Thefirst two options are permanent changes untipleitly
changed back, while the last option is emphemeral and only applies to the@GMglecommand that
receved the averride. GMT can provide default values in US or Sl units. This choice is determined by the
contents of the gmt.conf file @MT 's share directory.

-D Print the systenGMT defaults to standard outpufAppendu for US defaults os for S| defults.
[-D alone gves aurrent choice in gmt.conf].

-L Print the uses aurrently actve defaults to standard output.

Your currently actie defaults come from the .gmtdaflts4 file in the current working directory
present; else from the .gmtdefts4 file in your home directgryf present; else from the file
“l.gmt/.gmtdefaults4, if present; else from the system defaults set at th@Mmevas compiled.

GMT PARAMETERS

The following is a list of the parameters that are user-definal@ifi. The parameter names aravays
given in UPPER CASE. The parameter values are case-insensitiess otherwise noted. The system
defaults are gien in braclets [ for SI (and US) ].Those mar&d* can be set on the command line as well
(the corresponding option isvgh in parentheses). Nothat default distances and lengths betre given

in both cm or inch; the chosen default depends on your choice afldehit (seeMEASURE_UNIT).
You can explicitly specify the unit used for distances and lengths by appen(ing,i (inch), m (meter),

or p (points). Whenno unit is indicated thealue will be assumed to be in the unit set MEA-
SURE_UNIT. Note that the printer resolutiddOTS_PR_INCH is aways the number of dots or s
per inch. Seeral parameters takanly TRUE or FALSE.

ANNOT_MIN_ANGLE
If the angle between the map boundary and the annotation baseline is less than this minimum
vaue (in dgrees), the annotation is not plotted (this may occur for certain oblique projections.)
Give a alue in the range 0-90. [20]

ANNOT_MIN_SPACING
If an annotation would be plotted less than this minimum distance from its closest neilgbbor
annotation is not plotted (this may occur for certain oblique projections.) [0]

ANNOT_FONT_PRIMARY
Font used for upper annotations, etc. [Heiva]. Specifyeither the font number or the font name
(case sensitel). The 35 available fonts are:
Helvetica
Helvetica-Bold
Helvetica-Oblique
Helvetica-BoldOblique
Times-Roman
Times-Bold
Times-Italic
Times-Boldltalic
Courier
Courier-Bold

©OooO~NOOUPR~,WNEO
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10 Courier-Oblique

11 Courier-BoldOblique

12 Symbol

13 AvantGarde-Book

14 AvantGarde-BookOblique
15 AvantGarde-Demi

16 AvantGarde-DemiOblique
17 Bookman-Demi

18 Bookman-Demiltalic

19 Bookman-Light

20 Bookman-Lightltalic

21 Helvetica-Narrow

22 Helvetica-Narrow-Bold

23 Helvetica-Narrow-Oblique
24 Helvetica-Narrow-BoldOblique
25 NewCenturySchlbk-Roman
26 NewCenturySchlbk-Italic
27 NewCenturySchlbk-Bold
28 NewCenturySchlbk-Boldltalic
29 Palatino-Roman

30 Palatino-Italic

31 Palatino-Bold

32 Palatino-Boldltalic

33 ZapfChancery-Mediumltalic
34 ZapfDingbats

ANNOT_FONT_SIZE_PRIMARY
Font size (> 0) in points for map annotations. [14]

ANNOT_FONT_SECONDARY
Font to use for time axis secondary annotatioBeeANNOT_FONT_PRIMARY for available
fonts [Hehetica].

ANNOT_FONT_SIZE_SECONDARY
Font size (> 0) for time axis secondary annotations in points [16].

ANNOT_OFFSET_PRIMARY
Distance from end of tickmark to start of annotation Q@ 0.07%)]. A negative dfset will
place the annotation inside the map border.

ANNOT_OFFSET_SECONDARY
Distance from base of primary annotation to the top of the secondary annotatiof@{@275)]
(Only applies to time axes with both primary and secondary annotations).

BASEMAP_AXES
Sets which axes to deeand annotate. Case sengitiUpper case means both wrand annotate,
lower case means dvaaxis only. [WESN].

BASEMAP_FRAME_RGB
Color used to dra map boundaries and annotatiorGive a ed/green/blue triplet, with each ele-
ment in the 0-255 rangePrepend '+’ to replicate this color to the tick-, grid-, and frame-pens.
[0/0/0] (black).

BASEMAP_TYPE
Choose between plain andnfy (thick boundary dternating black/white frame; append + for
rounded corners)fancy]. For some map projections (e.g., Oblique Mercator), plain is the only
option &en if fang is st as dedult. Ingeneral, &ng/ only applies to situations where the pro-
jected x and y directions parallel the lon and lat directions (e.g., rectangular projections, polar pro-
jections).
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CHAR_ENCODING
Names the eight bit character set being used %birtefiles and in command line parameters. This
allows GMT to ensure that th€ostScriptoutput generates the correct characters on the plot..
Choose from Standard, Standard+, ISOLatin1, ISOLatinl+, and 1SO-8859-x (where X is in the
ranges 1-10 or 13-15). See Appendix F for details [ISOLatin1+ (or Standard+)].

COLOR_BACKGROUND
Color used for the background of images (i.e., when z < lowest colortable efivg. a
red/green/blue triplet, with each element in the 0-255 range. [0/0/0] (black)

COLOR_FOREGROUND
Color used for the foreground of images (i.e., when z > highest colortable efg. a
red/green/blue triplet, with each element in the 0-255 range. [255/255/255] (white)

COLOR_IMAGE
Selects which operator to use when rendering bit-mapped color imBgesto the lack of the
colorimage operator in somiostScriptimplementations, as well as sorfestScript editors
inability to handle color gradation§MT offers two different options:

adobe (Adobe mlorimage definition) [Default].
tiles (Plot image as marindividual rectangles).

COLOR_MODEL
Selects if color palette files contain RG&8lues (r,g,b in 0-255 range), HSV values (h in 0-360, s,v
in 0-1 range), or CMYK values (c,m,y,k in 0-100% rangB)COLOR_MODEL setting in the
color palette file will werride this setting.Internally color interpolation takes place directly on
the rgb values which canwgi unexpected hues, whereas interpolation directly on the hkes
better preserves the hues. Prepend the prefix "+" to force interpolation in the selected color system
(does not apply to the CMYK system) [rghb].

COLOR_NAN
Color used for the non-defined areas of images (i.e., where z == Nzil).a ed/green/blue
triplet, with each element in the 0-255 range. [128/128/128] (gray)

D_FORMAT
Output format (C language printf syntax) to be used when printing double precision floating point
numbers. Br geographic coordinates, @& TPUT_DEGREE_FORMAT . [%qg].

DEGREE_SYMBOL

Determines what symbol is used to plot thggrde symbol on geographic map annotations.
Choose between ring, degree, colon, or none [ring].

DOTS_PR_INCH
Resolution of the plotting dé&ce (dpi). Note that in order to be as compact as pos<EME]
PostScriptoutput uses integer formats only so the resolution should be set depending on what out-
put device you are usingz.g, using 300 and sending the output to a Linotype 300 phototypesetter
(2470 dpi) will not tak advantage of the extra resolution (i.e., positioning on the page and line
thicknesses are still only done in steps of 1/300 inch; of course, text will look smoother) [300].

ELLIPSOID

The (case sensit) name of the ellipsoid used for the map projectidvgGS-84]. Choose
among

WGS-841984 World Geodetic System [Default]
OSU91A 1991 Ohio State Uniersity
OSU86F1986 Ohio State Uniersity

Engelis 1985 Goodard Earth Models

SGS-85 1985 Soviet Geodetic System

MERIT-83 1983 United States Nal Observatory
GRS-80 1980 International Geodetic Reference System
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Hughes-1980
Lerch 1979
ATS77 1977
IAG-75 1975
Indonesian

WGS-721972
NWL-10D

GeneridMapping Dols GMTDERULTS(1)

1980 Hughes Aircraft Companfor DMSP SSM/I grid products
For geoid modelling
Average Terrestrial System, Canada Maritime provinces
International Association of Geodesy

1974 Applies to Indonesia
World Geodetic System
1972 Nava Weapons Lab (Same as WGS-72)

South-American 1969 Applies to South America

Fischer1968

1968 Used by NASA for Mercury program

Modified-Mercury-1968 1968 Same as Fischer-1968

GRS-67 1967

International-1967

WGS-661966
NWL-9D

Australian

APL4.9 1965
Kaula 1961
Hough 1960
WGS-601960
Fischer1960
Mercury-1960

Modified-Fischer1960

International Geodetic Reference System

1967 Worldwide use

World Geodetic System

1966 Naval Weapons Lab (Same as WGS-66)
1965 Applies to Australia

Appl. Physics

From satellite tracking

Applies to the Marshall Islands

World Geodetic System

1960 Used by NASA for Mercury program
1960 Same as Fischer-1960

1960 Applies to Singapore

Fischer1960-SouthAsia 1960 Same as Modified-Fischer-1960

Krassovsk
War-Office

International-1924

Hayford-1909
Helmert-1906
Clarke-1880

Clarke-1880-Arc1950
Clarke-1880-IGN 1880
Clarke-1880-Jamaica
Clarke-1880-Merchich
Clarke-1880-Blestine

Andrae 1876
Clarke-1866

Clarke-1866-Michign

Struve 1860
Clarke-1858
Airy 1830
Airy-Ireland
Modified-Airy
Bessel 1841

Bessel-Schazeck

1940
1926

Usedn the (nav former) Soviet Union
Developed by G. TMcCaw
1924 Worldwide use
Same as the International 1924
Applies to Egypt
Applies to most of Africa, France
1880 Modified Clarke-1880 for Arc 1950
Modified Clarke-1880 for IGN
1880 Modified Clarke-1880 for Jamaica
1880 Modified Clarke-1880 for Merchich
1880 Modified Clarke-1880 for Palestine
Applies to Denmark and Iceland
1866 Applies to North America, the Philippines
1866 Modified Clarke-1866 for Michigan
FriedrichGeog Wilhelm Struve
1858 Clarkes arly ellipsoid
Applies to Great Britain
1830 Applies to Ireland in 1965
1830 Same as Airy-Ireland
Applies to Central Europe, Chile, Indonesia
1841 Applies to Namibia

1909
1906
1880

Bessel-Namibia 1841 Same as Bessel-Schwazeck
Bessel-NG0O19481841 Modified Bessel for NGO 1948

Everest-1830

Everest-1830-Kalianpur
Everest-1830-Krtau
Everest-1830-imbalai
Everest-1830-&kistan

Walbeck 1819

1830 India, Burma, Pakistan, Afghanistan, Thailand
1830 Modified Everest for Kalianpur (1956)
1830 Modified Everest for Kertau, Malaysia & Singapore
1830 Modified Everest for Timbalai, Sabah Saal
1830 Modified Everest for Pakistan
First least squares solution by Finnish astronomer

Plessis 1817 Old ellipsoid used in France

Delambre

1810 Applies to Belgium
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CPM 1799 Comm. des Poids et Mesures, France
Maupertius 1738 Really old ellipsoid used in France
Sphere 1980 The mean radius in GRS-80 (for spherical/plate tectonics applications)

Note that for some global projectiofBMT may default to GRS-80 Spherayaadless of ellipsoid

actually chosen A warning will be gien when this happens. If a different ellipsoid name than
those mentioned here isvgn, GMT will attempt to open a file with that name in the current
directory and read a single record that contains the ellipsoid hame,nga@r-axis (in m), minor

axis (in m), and flattening (f) from the first record, where the fields must be separated by white-
space (not commas). This way a custom ellipsoid (e.g., those used for other planets) may be used.
A negadive flattening mean&MT will recalculate flattening from the twadii.

FIELD_DELIMITER

This setting determines what character will separate ASCII output data columns wri@dfiThy
Choose from tab, space, comma, and none [tab].

FRAME_PEN

Thickness of pen used to dralain map frame in dpi units or points (append p) [1.25p].

FRAME_WIDTH

Width (> 0) of map borders for fapeap frame [0.2 (or 0.075)].

GLOBAL_X_SCALE

Global x-scale (> 0) to apply to plot-coordinates before plottiNgrmally used to shrink the
entire output down to fit a specific height/width [1.0].

GLOBAL_Y_SCALE

Same, but for y-coordinates [1.0].

GRID_CROSS_SIZE_PRIMARY

Size (>= 0) of grid cross at lon-lat intersectio@smeans drav continuous gridlines instead [0].

GRID_PEN_PRIMARY

Pen thickness used to drgrid lines in dpi units or points (append p) [0.25p].

GRID_CROSS_SIZE_SECONDARY

Size (>= 0) of grid cross at secondary lon-lat intersectiénseans dra continuous gridlines
instead [0].

GRID_FORMAT

Default file format for grids, with optional scale, offset anddlid value, written asffscale/off-
set/ivalid. The 2-letter format indicator can be one of [bcnsr][bsifd]. The first letter indicates
natve GMT binary, old format NetCDF COARDS-compliant NetCDFSurfer format or Sun
Raster format. The second letter stands for byte, short, int, float and double, velgp&tien
f/invalid is omitted the appropriate value for thevegi format is used (NaN or largestgagve).
When /scale/offset is omitted, /1.0/0.0 is used. [nf].

GRID_PEN_SECONDARY

Pen thickness used to dragrid lines in dpi units or points (append p) [0.5p].

GRIDFILE_SHORTHAND

If TRUE, all grid file names are examined to see if/thge the file extension shorthand discussed
in Section 4.17 of th&MT Technical Reference and Cookbook. If FALSE, no filenaxmae-
sion is done [FALSE].

HEADER_FONT

Font to use when plotting headerSee ANNOT_FONT_PRIMARY for available fonts [Hel-
vetica).

HEADER_FONT_SIZE

GMT4.2.1

Font size (> 0) for header in points [36].
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HEADER_OFFSET

Distance from top of axis annotations (or axis label, if present) to base of plot headdpf0.5
0.1875)].

HISTORY
If TRUE, passes the history of past common command options via the hidden .gmtcommands4 file
[TRUE].

HSV_MIN_SATURATION
Minimum saturation (0-1) assigned for mosgagve intensity value [1.0].

HSV_MAX_SATURATION
Maximum saturation (0-1) assigned for most pesitntensity value [0.1].

HSV_MIN_VALUE
Minimum value (0-1) assigned for mosigative intensity value [0.3].

HSV_MAX_VALUE
Maximum value (0-1) assigned for most paesitintensity value [1.0].

INPUT_CLOCK_FORMAT
Formatting template that indicatesvih@n input clock string is formatted. This template is then
used to guide the reading of clock strings in data fieltts.properly decode 12-hour clocks,
append am or pm (or upper case) to match your data recordsxafigples, try hh:mm,
hh:mm:ssAM, etc. [hh:mm:ss].

INPUT_DATE_FORMAT
Formatting template that indicatesw@n input date string is formattedlhis template is then
used to guide the reading of date strings in data fiedda.may specify either Gregorian calendar
format or ISO week calendar formagregorian calendar: Use pitombination of yyyy (or yy for
2-digit years; if so se¥2K_OFFSET_YEAR), mm (or o for abbreviated month name in the cur
rent time language), and dd, with or without delimitelfer day-of-year data, use jjj instead of
mm and/or dd. Examples can be ddmmyyyymm-dd, dd-o-yyyy yyyy/dd/mm, yyyy-jjj, etc.
ISO Calendar:Expected template is yyyy[-]W[-]Jww[-]d, where ww is ISO week and d is ISO
week day Either template must be consistent, e.g., you cannot specify months if ydsmbanify
years. Exampleare yyyyWwwd, yyyy-Www etc. [yyyy-mm-dd].

INTERPOLANT
Determines if linear (linear), Akima'pline (akima), natural cubic spline (cubic) or no interpola-
tion (none) should be used for 1-D interpolations in various programs [akima].
IO_HEADER
(* —H) Specifies whether input/output ASCII filesvealeader record(s) or not [FALSE].
N_HEADER_RECS
Specifies hav mary header records to expectiH is turned on [1].
LABEL_FONT
Font to use when plotting labels belaxes. SeeANNOT_FONT_PRIMARY for available fonts
[Helvetica].

LABEL_FONT_SIZE
Font size (> 0) for labels in points [24].

LABEL_OFFSET
Distance from base of axis annotations to the top of the axis labe(§0.3.1125)].

LINE_STEP

Determines the maximum length (> 0) of individual straight line-segments when drawing arcuate
lines [0.02% (or 0.01)]
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MAP_SCALE_FACTOR

Changes the defilt map scale factor used for the Polar Stereographic [0.9996], UTM [0.9996],
and Trans\erse Mercator [1] projections in order to minimize areal distortiBrovide a n&v
scale-factor or lage & default.

MAP_SCALE_HEIGHT

Sets the height (> 0) on the map of the map scale bars drawn by various progranger[0.2
0.075)].

MEASURE_UNIT

Sets the unit length. Choose between cm, inch, m, and gom}. Notethat, inGMT, one point
is defined as 1/72 inch (tHeostScriptdefinition), while it is often defined as 1/72.27 inch in the
typesetting industryThere is no uwniersal definition.

N_COPIES

(* —¢) Number of plot copies to mak[1].

OBLIQUE_ANNO TATION

This integer is a sum of 6 bit flags (most of which only arevaatefor oblique projections): If bit
1is =t (1), annotations will occur whesr a gidline crosses the map boundaries, else longitudes
will be annotated on the lower and upper boundaries andylatitudes will be annotated on the
left and right boundaries onhff bit 2 is set (2), then longitude annotations will be plotted hori-
zontally If bit 3 is set (4), then latitude annotations will be plotted horizontélit 4 is set (8),
then oblique tickmarks are extended teega pojection equal to the specified tick_length. If bit 5
is set (16), tickmarks will be drawn normal to the bordgamiess of gridline anglelf bit 6 is set
(32), then latitude annotations will be plotted parallel to the borfteset a combination of these,
add up the values in parentheses. [1].

OUTPUT_CLOCK_FORMAT

Formatting template that indicatesw@n autput clock string is to be formattedhis template is

then used to guide the writing of clock strings in data fieldsuse a floating point format for the
smallest unit (e.g. seconds), append .xxx, where the number of x indicates the desired phecision.
no floating point is indicated then the smallest specified unit will be rountiedrefarest intger.

For 12-hour clocks, append am, AM, a.m., or A.NGMT will replace alA with p|P for pm)If

your template starts with a leading hyphen (-) then each integer item (y,m,d) will be printed with-
out leading zeros (default uses fixed width formats). A&anles, try hh:mm, hh.mm.ss,
hh:mm:ss.xxxx, hha.m., etc. [hh:mm:ss].

OUTPUT_DAT E_FORMAT

Formatting template that indicatesvih@n autput date string is to be formattedhis template is
then used to guide the writing of date strings in data fiefds. may specify either Gregorian cal-
endar format or ISO week calendar form@tegorian calendar: Use prrombination of yyyy (or

yy for 2-digit years; if so se¥2K_OFFSET_YEAR), mm (or o for abbreviated month name in
the current time language), and dd, with or without delimitEms.day-of-year data, use jjj instead
of mm and/or dd. As examples, try yy/mm/dd, yyyy=jjj, dd-o-yygg-mm-yy; yy-mm, etc. ISO
Calendar: Expectettmplate is yyyy[-]W[-]lww][-]d, where ww is ISO week and d is ISO week
day Either template must be consistant, e.g., you cannot specify months if ydusgecify
years. Asxamples, try yyyyWwwyy-W-ww-d, etc. If your template starts with a leadirygphen

(-) then each integer item (y,m,d) will be printed without leading zeros (default uses fixed width
formats) [yyyy-mm-dd].

OUTPUT_DEGREE_FORMAT

GMT4.2.1

Formatting template that indicatesvh@an autput geographical coordinate is to be formattétis
template is then used to guide the writing of geographical coordinates in data fields. The template
is in general of the form [+|-]D or [+|-]ddd[:mm[:ss]][.xxX][F['he various terms ka the followv-

ing purpose:

+ means output longitude in the 0 to 360 range [-180/+180]
- means output longitude in the -360 to 0 range [-180/+180]
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PAGE_COLOR

PAGE_ORIENTATION

PAPER_MEDIA

GMT4.2.1

D
ddd
mm
ss
F
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UseD_FORMAT for floating point degrees.
Fixed format integer degrees

delimiter used

Fixed format integer arc minutes

Fixed format integer arc seconds

Encode sign using WESN suffix

The default is +D.

Sets the color of the imaging background, i.e., the papiee a red/green/blue triplet, with each
element in the 0-255 range. [255/255/255] (white).

(* —P) Sets the orientation of the page. Choose portrait or landscape [landscape].

Sets the physical format of the current plot paper [A4]. The following formats (and their widths
and heights in points) are recognized (Additional site-specific formats may be specified in the
gmt_custom_media.conf file 8GMT_SHAREDIR /conf or “/.gmt; see that file for details):

Media width
A0 2380
Al 1684
A2 1190
A3 842
A4 595
A5 421
A6 297
A7 210
A8 148
A9 105
Al0 74
BO 2836
B1 2004
B2 1418
B3 1002
B4 709
B5 501
archA 648
archB 864
archC 1296
archD 1728
archE 2592
flsa 612
halfletter396
note 540
letter 612
legd 612
11x17 792
ledger 1224

height
3368
2380
1684
1190
842
595
421
297
210
148
105
4008
2836
2004
1418
1002
709
864
1296
1728
2592
3456
936
612
720
792
1008
1224
792

For a completely custom format (e.g., for large format plotters) you may also specify Cus-
tom_WxH, where W and H are in pointSo force the printer to request a manual paper feed,
append '-’ to the media name, e.g., A3- will require the user to insert a A3 paper into thesprinter’
manual feed slotTo indicate you are making an EPS file, append '+’ to the media nahen,
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GMT will attempt to issue a tight bounding box [Default Bounding Box is the paper dimension].

PLOT_CLOCK_FORMAT
Formatting template that indicatesvin@n output clock string is to be plotted. This template is
then used to guide the formatting of clock strings in plot annotatiocBee OUT-
PUT_CLOCK_FORMAT for details. [hh:mm:ss].

PLOT_DATE_FORMAT
Formatting template that indicateswwan autput date string is to be plotted. This template is then
used to guide the plotting of date strings in data fielBee OUTPUT_DATE_FORMAT for
details. Inaddition, you may use a single o instead of mm (to plot month name) and u instead of
WI[-]lww to plot "Week ##". Both of these text strings will be affected by THdE LAN-
GUAGE, TIME_FORMAT_PRIMARY andTIME_FORMAT_SECONDARY setting. [yyyy-
mm-dd].

PLOT_DEGREE_FORMAT
Formatting template that indicatesvin@n autput geographical coordinate is to be plott&dhis
template is then used to guide the plotting of geographical coordinates in dataSied@3UT-
PUT_DEGREE_FORMAT for details. In addition, you can append A which plots the absolute
value of the coordinate. The default is +ddd:mm:ss. Not all items may be plotted as this depends
on the annotation interval.

POLAR_CAP
Controls the appearance of gridlines near the poles for all azimuthal projections andttzefs
in which the geographic poles are plotted as points (Lambert Conic, HaMwiereide, Sinu-
soidal, and van der Grinten). Specify either none (in which case there is no special handling) or
pc_latpc_dlon In that case, normal gridlines are only wina between the latitudes
-pc_lat+pc_lat and abee tose latitudes the gridlines are spaced at the (presumably coarser)
pc_dloninterval; the two domains are separated by a small circle drawn apthéat latitude
[85/90].

PS_COLOR
Determines whether PostScript output should use RGB, HS@MYK when specifying color
[RGB]. Noteif HSV is selected it does not apply to images which in that case uses RGB.

PS_IMAGE_COMPRESS
Determines if PostScript images are compressed using the Run-Length Encoding scheme (rle),
LZW compression (Izw), or not at all (none) [none].

PS_IMAGE_FORMAT
Determines whether images created in PostScript should use ASCII or binary fotredatter
takes up less space angeeutes faster but may cheloome printers, especially thosef gérial
ports. Selecascii or bin [ascii].

PS_LINE_CAP
Determines he the ends of a line segment will be Wra Chooseamong abutt cap (dedult)
where there is no projection beyond the end of the patiyral cap where a semicircular arc with
diameter equal to the linewidth is dna around the end points, asguarecap where a half square
of size equal to the linewidth extends beyond the end of the path [butt].

PS_LINE_JOIN
Determines what happens at kinks in lingments. Choosamong amiter join where the outer
edges of the strokes for theawsegments are extended until theneet at an angle (as in a picture
frame; if the angle is too acute, avbejoin is used instead, with threshold set by
PS_MITER_LIMIT ), roundjoin where a circular arc is used to fill in the cracks at the kinks, and
beveljoin which is a miter join that is cutfa$o kinks are triangular in shape [miter].

PS_MITER_LIMIT
Sets the threshold angle (integer in 0-180 range) used for miteredQoénd. 180 are special flag
values that imply the PostScript default [11] andais bevels, respectiely. Other values sets the
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acute angle used to decide between mitered ardidmh

PS_VERBOSE
If TRUE we will issue comments in tHeostScriptfile that explain the logic of operation$hese
are useful if you need to edit the file and makanges; otherwise you can set it to FALSE which
yields a somewhat slimmeostScriptfile [FALSE].

TICK_LENGTH
The length of a tickmarkNormally, tickmarks are dran on the outside of the map boundaries.
To slect interior tickmarks, use agative ick length [0.2 (or 0.075)].

TICK_PEN
The pen thickness to be used for tickmarks in dpi units or points (append p) [0.5p].

TIME_FORMAT_PRIMARY
Controls hav primary month-, week-, and weekday-names are format@tbose among full,
abbreviated, and characteif the leading f, a, or c are replaced wittAl-and C the entire annota-
tion will be in upper case.

TIME_FORMAT_SECONDARY
Controls hav secondary month-, week-, and weekday-names are formaftiedose among full,
abbreviated, and characteif the leading f, a, or c are replaced wittAlFand C the entire annota-
tion will be in upper case.

TIME_EPOCH
Specifying this parameter also s@éi81E_SYSTEM to OTHER. ltis a string of the form yyyy-
mm-ddT[hh:mm:ss] (Gigorian) or yyyy-Www-ddT[hh:mm:ss] (ISO) indicating the value of the
calendar and clock at the origin (zero point) of re&afime units (sedIME_UNIT ).

TIME_IS_INTER VAL

Used when input calendar data should be truncated and adjusted to the middle ofdhiein&de
val. In the following discussion, the unitcan be one of these time unitg:year,0 month,u ISO
week,d day, h hour,m minute, ancc second). TIME_IS_INTER VAL can hae any @ the fol-
lowing three values: (1) OFF [Daflt]. Noadjustment, time is decoded asegi. (2)+nu. Acti-
vate interval adjustment for input by truncate to previous whole numbeuits and then center
time on the following interal. (3)-nu. Same, but center time on the previous indé&rvor exam-
ple, with TIME_IS_INTER VAL = +10, an input data string #1999-12 will be interpreted to
mean 1999-12-15T12:00:00.0 (exactly middle of December), whildME_IS _INTER VAL =
OFF then that date is interpreted to mean 1999-12-1T00:00:00.0 (start of December).

TIME_INTER VAL_FRACTION
Determines if partial inteals at the start and end of an axis should be annotated. If the range of
the partial interval exceeds the specified fraction of the normal interval stride we will place the
annotation centered on the partial interval [0.5].

TIME_LANGU AGE
Language to use when plotting calendar items such as months and days. Select from:
BR BrazilianPortuguese
CN1  SimplifiedChinese
CN2  Traditional Chinese
DE German
DK Danish
EH Basque
ES Spanish

Fl Finnish
FR French
GR Greek
HU Hungarian
IE Irish

IL Hebrew
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IS Icelandic
IT Italian

JP Japanese
NL Dutch

NO Norwegian
PL Polish

PT Portuguese
RU Russian

SE Swedish

SG ScaottishGaelic
TO Tongan

TR Turkish

UK British English
us USEnglish

If your language is not supported, please examine$@®IT_SHAREDIR /time/us.d file and
male a $milar file. Please submit it to th@MT Developers for official inclusion. Custom lan-
guage files can be placed in directo&MT_SHAREDIR /time or “/.gmt.

TIME_SYSTEM
Determines which time epoch the relatime refers to and what the units aeéhoose from one
of the preset systems beldepoch and units are indicated):
JD -4713-11-25T12:00:00 (Julian Date)
MJD  1858-11-27T00:00:00 (Modified Julian Date)
J2000 2000-01-01T12:00:@D
$1985 1985-01-01T00:00:@0
UNIX 1970-01-01T00:00:0@
RD0001 0001-01-01T00:00:G0
RATA 0000-12-31T00:00:00d
or specify OTHER and supply your oWwtME_EPOCH andTIME_UNIT settings [J2000].

TIME_UNIT
This parameter is agt mly whenTIME_SYSTEM is set to OTHER, and specifies the units of
relative ime data. Choose y (year - assumes all years are 365.2425 days), o (month - assumes all
months are of equal length y/12), d (day), h (hour), m (minute), or ¢ (second).

TIME_WEEK_START
When weeks are indicated on timesaxthis parameter determines the first day of the week for
Gregorian calendars. (The ISO weekly calendavagb begins weeks with Monday[Monday
(or Sunday)].

UNIX_TIME
(* —U) Specifies if a UNIX system time stamp should be plotted at therlteft corner of the plot
[FALSE].

UNIX_TIME_POS
(* —U) Sets the position of the UNIX time stamp relatito the current plots lower left corner
[-2c/-2¢ (or -0.75/-0.75)].

VECTOR_SHAPE
Determines the shape of the head oéeter Normally (i.e., for vector_shape = 0), the head will
be triangularbut can be changed to an aw@l) or an open V (2). Intermediate settingsegi
something in between. aive values (up to -2) are allowed as well [0].

VERBOSE

(* —V) Determines ifGMT programs should display run-time information or run silently
[FALSE].
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X_AXIS_LENGTH
Sets the default length (> 0) of the x-axisd2ér 9)].

Y_AXIS_LENGTH
Sets the default length (> 0) of the y-axisd16r 6)].

X_ORIGIN
(* —X) Sets the x-coordinate of the origin on the paper forva plet [2.5¢c (or 1i)]. For an wer-
lay, the default offset is 0.

Y_ORIGIN
(* —Y) Sets the y-coordinate of the origin on the paper forva plet [2.5¢c (or 1i)]. For an wer-
lay, the default offset is 0.

Y2K_OFFSET_YEAR
When 2-digit years are used to represent 4-digit years (adeus DATE_FORMAT s),
Y2K_OFFSET_YEAR gives the first year in a 100-year sequené@r example, if Y2K_OFF-
SET_YEAR is 1729, then numbers 29 through 99 correspond to 1729 through 1799, while num-
bers 00 through 28 correspond to 1800 through 1828. [1950].

XY_TOGGLE
(* —:) Set if the first tvo columns of input and output files contain (latitude,longitude) o¢) (y
rather than the expected (longitude,latitude) or (xBALSE means we k& (x,y) both on input
and output. TRUE means both input and output should h&)(yIN means only input has,§),
while OUT means only output should bexfy [FALSE].

Y_AXIS_TYPE
Determines if the annotations for a y-axis (for linear projections) should be plotted horizontally
(hor_text) or vertically (ver_te) [hor_text].

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nerlnest, thick[er|esi, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL
fill The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified gmlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image. For 1-bit rasters: Bsi/patternfor inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transpareng. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

EXAMPLES
To get a cop of the GMT parameter defaults in your home directomn

gmtdefaults —-D> "/.gmtdefaults4

You may nav change the settings by editing this file using» &alitor of your choice, or uggmtsetto
change specified parameters on the command line.

BUGS
If you have typographical errors in your .gmtdefits4 file(s), a warning message will be issued, and the
GMT defaults for the affected parameters will be used.
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SEE ALSO
GMT(1), gmtsefl)
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NAME

gmtmath — Reerse Polish Notation calculator for data tables
SYNOPSIS

gmtmath [ —At_f(t).d] [ —Ccols] [ —Fcols] [ —HJil[nred 1[ =1 1[ —M[ilo][flag] ] [ =Nn_colt _col][ -Q]
[ =9fI1]1[ =Tt _min't_maxt_ind+]|tfile ] [ =V ][ —b[ilo][s|S|d|D][ncoll ] [ —f[ilo]colinfo] operand[ oper-
and] OPERATOR [ operand] OPERATOR ... =[ outfile]

DESCRIPTION
gmtmath will perform operations lik add, subtract, multiplyand divide on one or more table data files or
constants using Rerse Polish Notation (RPN) syntax (e.g.,wHiett-Packard calculatestyle). Arbitrarily
complicated expressions may therefore \wuated; the final result is written to an output file [or standard
output]. Whentwo data tables are on the stack, each element in file A is modified by the corresponding
element in file B.However, some operators only require one operand (seesdeltf no data tables are
used in the expression then optiefis —N can be set (and optionallb to indicate the data domainif
STDIN is given, <stdin> will be read and placed on the stack as if a file with that content had\epemngi
the command line. By default, all columns except the "time" column are operated on, but this can be
changed (seeC).

operand
If operandcan be opened as a file it will be read as an ASCII (or hiszeybi) table data file.If
not a file, it is interpreted as a numerical constant or a special symbol (se¢ bEh® special
argument STDIN means thatdinwill be read and placed on the stack; STDIN can appear more
than once if necessary.

outfile The name of a table data file that will hold the final result. If nagngihen the output is sent to
stdout.
OPERATORS
Choose among the following 127 operators. "args" are the number of input and output arguments.
Operatorags Returns
ABS 11 s (A).
ACOS 11 aos (A).
ACOSH 11 aosh (A).
ACOT 11 aot (A).
ACSC 11 asc (A).
ADD 21 A+B.
AND 21 NaN if A and B == NaN, B if A == NaN, else A.
ASEC 11 &ec (A).
ASIN 11 ain (A).
ASINH 11 ainh (A).
ATAN 11 aan (A).
ATAN2 21 aan2 (A, B).
ATANH 11 aanh (A).
BEI 11 kei (A).
BER 11 ker (A).
CEIL 11 il (A) (smallest integer >= A).
CHICRIT 21 Qritical value for chi-squared-distribution, with alpha = A and n = B.
CHIDIST 21 chi-squared-distribution P(chi2,n), with chi2 = A and n = B.
COoL 11 Haces column A on the stack.
CORRCOEFF 21 Gorrelation coefficient r(A, B).
Cos 11 @s (A) (A in radians).
COsD 11 @s (A) (A in degrees).
COSH 11 ash (A).
CcoT 11 ot (A) (A in radians).

GMT4.2.1
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COTD 11 ot (A) (A in degrees).

CPOISS 21 Qumulative Roisson distribution F(x,lambda), with x = A and lambda =
B.

csCc 11 cc (A) (Ain radians).

CSCD 11 cc (A) (Ain degrees).

D2DT2 11 d2(A)/dt"2 2nd denative.

D2R 11 Qonverts Degrees to Radians.

DDT 11 dA)/dt 1st denvative.

DILOG 11 dlog (A).

DIV 21 A/B.

DUP 12 Races duplicate of A on the stack.
EQ 21 1ifA==B,else 0.

ERF 11 Eror function erf (A).

ERFC 11 Gomplementary Error function erfc (A).

ERFINV 11 Inverse error function of A.

EXCH 22 Exchanges A and B on the stack.

EXP 11 exp (A).

FACT 11 Al (A factorial).

FCRIT 31 Qritical value for F-distribution, with alpha = A, n1 =B, and n2 = C.
FDIST 31 Fdistribution Q(F,n1,n2), with F = A, n1 =B, and n2 = C.

FLIPUD 11 Revease order of each column.

FLOOR 11 floor (A) (greatest integer <= A).

FMOD 21 A % B (remainder).

GE 21 1fA>=B, else 0.
GT 21 1fA>B,else 0.

HYPOT 21 hypot (A, B) = sqrt (A*A + B*B).
10 11 Modified Bessel function of A (1st kind, order 0).
11 11 Modified Bessel function of A (1st kind, order 1).

IN 21 Modified Bessel function of A (1st kind, order B).
INT 11 Numerically integrate A.

INV 11 1/A

ISNAN 11 1ifA==NaN, else 0.

JO 11 Bessel function of A (1st kind, order 0).

J1 11 Bessel function of A (1st kind, order 1).

JN 21 Bessel function of A (1st kind, order B).

KO 11 Modified Kelvin function of A (2nd kind, order 0).
K1 11 Modified Bessel function of A (2nd kind, order 1).
KEI 11 kei (A).

KER 11 ker (A).

KN 21 Modified Bessel function of A (2nd kind, order B).

KURT 11 Kurtosis of A.

LE 21 1fA<=B,else 0.

LMSSCL 11 LMS scale estimate (LMS STD) of A.

LOG 11 log (A) (natural log).

LOG10 11 log10 (A) (base 10).

LOG1P 11 log (1+A) (accurate for small A).

LOG2 11 log2 (A) (base 2).

LOWER 11 The lowest (minimum) value of A.

LRAND 21 Laplace random noise with mean A and std. deviation B.
LSQFIT 10 Let current table be [A | b]; return least squares solution x = A\ b.
LT 21 1fA<B,elseO.

MAD 11 Median Absolute Deviation (L1 STD) of A.

MAX 21 Maximum of A and B.

MEAN 11 Mean value of A.
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MED 11 Median value of A.

MIN 21 Minimum of A and B.

MODE 11 Mode value (Least Median of Squares) of A.

MUL 21 A*B.

NAN 21 NaN if A == B, else A.

NEG 11 A.

NEQ 21 1ifA!=B,elseO.

NRAND 21 Normal, random values with mean A and std. deviation B.
OR 21 NaN if A or B == NaN, else A.

PLM 31 Associated Legendre polynomial P(A) degree B order C.
PLMg 31 Normalized associated Legendre polynomial P(A) degree B order C

(geophysical corention).

POP 10 Delete top element from the stack.

POW 21 A" B.

PQUANT 21 The B’th Quantile (0-100%) of A.

PSI 11 Psi (or Digamma) of A.

PV 31 Legendre function Pv(A) of degree v = real(B) + imag(C).
Qv 31 Legendre function Qv(A) of degree v = real(B) + imag(C).
R2 21 RR=A"2+B2.

R2D 11 Gonvert Radians to Degrees.

RAND 21 Uniform random values between A and B.

RINT 11 fint (A) (nearest integer).

ROOTS 21 Treats col A as f(t) = 0 and returns its roots.
ROTT 21 Rotate A by the (constant) shift B in the t-direction.
SEC 11 £c (A) (A in radians).

SECD 11 %c (A) (A in degrees).

SIGN 11 sgn (+1 or -1) of A.

SIN 11 sn (A) (A in radians).

SINC 11 snc (A) (sin (pi*A)/(pi*A)).

SIND 11 sn (A) (A in degrees).

SINH 11 snh (A).

SKEW 11 Kewness of A.

SQRT 11 qrt (A).

STb 11 Sandard deviation of A.

STEP 11 Heaviside step function H(A).

STEPT 11 Heaviside step function H(t-A).

SuB 21 A-B.

SUM 11 Qumulative aum of A.

TAN 11 fan (A) (A in radians).

TAND 11 fan (A) (A in degrees).

TANH 11 anh (A).

TCRIT 21 Qritical value for Studend' t-distribution, with alpha = A and n = B.
TDIST 21 Sudents tdistribution A(t,n), witht = A, and n = B.
TN 21 Chebyshe polynomial Tn(-1<A<+1) of degree B.

UPPER 11 The highest (maximum) value of A.

XOR 21 B if A== NaN, else A.

YO 11 Bessel function of A (2nd kind, order 0).
Y1l 11 Bessel function of A (2nd kind, order 1).
YN 21 Bessel function of A (2nd kind, order B).

ZCRIT 11 Qritical value for the normal-distribution, with alpha = A.
ZDIST 11 Qumulative rormal-distribution C(x), with x = A.
SYMBOLS

The following symbols ha gecial meaning:
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OPTIONS
-A

-C

—bi

-bo

GeneridViapping Tools GMTMATH(1)
PI 3.1415926...
E 2.7182818...
T Table with t-coordinates

Requires-N and will partially initialize a table with values from therg file containingt andf(t)
only. Thetis placed in column_colwhile f(t) goes into columm_col- 1 (see—N).

Select the columns that will be operated on until next occurrene€.oList columns separated
by commas; ranges kk1,3-5,7 are allwed. —C (no aguments) resets the default action of using
all columns except time column (sel). —Ca selects all columns, including time column, while
—Cr reverses (toggles) the current choices.

Give a ®omma-separated list of desired columns or ranges that should be part of the output (0 is
first column) [Default outputs all columns].

Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should

have header records [Datilt will write out header records if the input dataenthem]. Blank lines

and lines starting with # arevadys skipped.

Reverses the output v sequence from ascending time to descending [ascending].

Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and—-Mo to give eparate settings.

Select the number of columns and the column number that contains the 'dinadsles Columns
are numbered starting at 0 [2/0].

Quick mode for scalar calculation. Shorthand-f@a —N1/0-T0/0/1.

Only report the first or last woof the results [Defult is all ravs]. Thisis useful if you hae com-
puted a statistic (say thHdODE) and only want to report a single number instead of numerous
records with identicalalues. Appendito get the last e andf to get the first nv only [Default].

Required when no input files arevegi. Setsthe t-coordinates of the first and last point and the
equidistant sampling interval for the "time" column (s&§. Append+ if you are specifying the
number of equidistant points insteal.there is no time column (only data columnsyeg+T
with no arguments; this also implie€a. Alternatively, give the name of a file whose first col-
umn contains the desired t-coordinates which may be irregular.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program.

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input, but s&¢

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

GMT4.2.1
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NOTES ON OPERATORS
(1) The operatorPLM andPLMg calculate the associated Legendre polynomial gfekeL and order M
in X which must satisfy -1 <= x <= +1 and 0 <= M <=X.. L, and M are the three arguments preceeding
the operator PLM is not normalized and includes the Condon-Shpiplease (-1)"M.PLMg is normal-
ized in the way that is most commonly used in ggefs. TheC-S phase can be added by using -M as
argument.PLM will overflow at higher dgrees, whereaBLMg is stable until ultra high degrees (at least
3000).

(2) Files that hae the same names as some operators, &), SIGN, =, etc. should be identified by
prepending the current directory (i.e., ./LOG).

(3) The stack depth limit is hard-wired to 100.

(4) All functions expecting a posré radius (e.g.L.OG, KEI, etc.) are passed the absolute value of their
argument.

(5) TheDDT andD2DT2 functions only work on regularly spaced data.
(6) All derivatives ae based on central finite differences, with natural boundary conditions.

(7) ROOT S must be the last operator on the stack, only followed. by
EXAMPLES

To take the square root of the content of the second data column being piped thnoinggith by process1
and pipe it through a 3rd process, use

processl ¢gmtmath STDIN SQRT = | process3

To take log10 of the @erage of 2 data files, use

gmtmath filel.d file2.dADD 0.5MUL LOG10 = file3.d

Given the file samples.d, which holds seafloor ages in amg seafloor depth in m, use the relation
depth(in m) = 2500 + 350 * sqrt (age) to print the depth anomalies:

gmtmath samples.d SQRT 350MUL 2500ADD SUB =| Ipr

To take the arerage of columns 1 and 4-6 in the three data sets sizes.1, sizes.2, and sizes.3, use
gmtmath —C1,4-6 sizes.1 sizes&DD sizes.3ADD 3 DIV = aved

To take the 1-column data set ages.d and calculate the modal value and assign it to a variable, try

set mode_age gmtmath —-S -Tages.dMODE =*

To evaluate the dilog(x) function for coordinatevei in the file t.d:

gmtmath -Tt.d T DILOG = dilog.d

To use gmtmath as a RPN Wlkett-Packard calculator on scalars (i.e., no input files) and calculate arbitrary
expressions, use theQ option. Asan example, we will calculate the value of Kei (((1 + 1.75)/2.2) + cos

(60)) and store the result in the shell variable z:

set z = gmtmath -Q 1 L.75ADD 2.2DIV 60COSD ADD KEI =*
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To usegmtmath as a general least squares equationesdimagine that the current table is the augmented
matrix [ A | b ] and you want the least squares solution x to the matrix equation A * Xheloperator
LSQFIT does this; it is your job to populate the matrix correctly fifidtie —A option will facilitate this.
Suppose you k& a 2column file ty.d witht andb(t) and you would like to fit a he model y(t) = a + b*t +
c*H(t-t0), where H is the Heaviside step function for @egit0 = 155. Thenyou need a 4-column aug-
mented table loaded with t in column 0 and your observed y(t) in column 3. The calculation becomes

gmtmath —N4/1 -Aty.d -C0O 1ADD -C2 1.55STEPT ADD —Ca LSQFIT = solution.d

Note we use theC option to select which columns we are working on, thenenzative dl the columns

we need (here all of them, withCa) before callingLSQFIT. The second and fourth columns (col num-

bers 1 and 3) are preloaded with t and y(t), resggtithe other columns are zero. If you alreadyeha
precalculated table with the augmented matrix [ A | b ] in a file (say Isgsys.d), the least squares solution is
simply

gmtmath -T Isqsys.d.SQFIT = solution.d

REFERENCES
Abramawitz, M., and I. A. Stgun, 1964,Handbook of Mathematical FunctignApplied Mathematics
Series, vol. 55, Deer, New York.
Holmes, S. A., and WE. Featherstone, 2002A unified approach to the Clenshaummation and the
recursve omputation of very high degree and order normalised associated Legendre funlgional of
Geodesy76, 279-299.
Press, WH., S.A. Teukolsk, W. T. Vetterling, and B. FFlannery 1992, Numerical Recipend edition,
Cambridge Uni., New York.
SpanierJ.,, and K. B. Oldman, 198An Atlas of FunctiondHemisphere Publishing Corp.

SEE ALSO
GMT(1), grdmath(1)
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NAME
gmtselect — Select data subsets based on multiple spatial criteria

SYNOPSIS
gmtselect| infiles] [ —Amin_ared/min_level/max_levg] [ —C[f]dist/ptfile] [ —Dresolution] [ —Fpolygon-
file][ —H[i][nred ][ —I[cflrs] ][ —Jparameterd [ —L[p]dist/linefile] [ —M[i|o][flag] ] [ -Nmaskvalud®]
][ —Rwesteastsouthinorth[r] ][ =V ][ —Zmin/max ][ —:[ilo] ] [ —blilo][s|S|d|D][ncoll ] [ —f[i|o]colinfo]

DESCRIPTION
gmtselectis a filter that reads (longitude, latitude) positions from the first 2 columingile [or standard
input] and uses a combination of 1-6 criteria to pass or reject the records. Records can be selected based on
whether or not theare 1) inside a rectangular regiorR [and-J]), 2) within distkm of ary point in ptfile,
3) within distkm of ary line inlinefile, 4) inside one of the polygons in thelygonfile 5) inside geograph-
ical features (based on coastlines), or 6) has z-values withiremmginge. Thesense of the tests can be
reversed for each of these 6 criteria by using-theption. Seeoption—: on hav to read (latitude,longi-
tude) files.

infles ASCII (or binary see—b) data file(s) to be operated on. If notei, standard input is read.

OPTIONS
No space between the option flag and the associated arguments.

-A Ignored unlessN is set. Geographical features with an area smallerrthanareain km™2 or of
hierarchical lgel that is lower thamin_levelor higher tharmax_levelwill be ignored [Default is
0/4 (all features)]. SeeATABASE INFORMATION in thepscoastman-pages for more details.

-C Pass all records whose location is withdist of ary of the points in the ASCII filptfile. If distis
zero then the 3rd column pffile must hae each points Distances are Cartesian and in user units;
specify —fg to indicate spherical distances in kridse —Cf to indicate you want flat Earth dis-
tances (quicker but approximate) rather than geodesic distancesr(slot eact). If ELLIP-
SOID is Sphere then geodesics become great circles (faster to compute than geédtesind-
tively, if -R and-J are used then geographic coordinates are projected to map coordinates (in cm,
inch, m, or points, as determined MEASURE_UNIT) before Cartesian distances are compared
to dist

-D Ignored unless-N is set. Selects the resolution of the coastline data set tofisié (h)igh,
(hntermediate,ljow, or (c)rude). Theresolution drops éby "80% between data sets. [Default is
I]. Notethat because the coastlines differ in details it is not guaranteed that a point will remain
inside [or outside] when a different resolution is selected.

-F Pass all records whose location is within one of the closed polygons in the multiple-segment file
polygonfile For spherical polygons (lon, lat), malkure no consecwé points are separated by
180 degrees or more in longitude. Note thalygonfilemust be in ASCII rgardless of whether
-bis used.

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

= Reverses the sense of the test for each of the criteria specified:
¢ select records NDinside ag point’s drcle of influence.
f select records NDinside ag of the polygons.
| select records NDwithin the specified distance ofyahine.
r select records NDinside the specified rectangular region.
s select records NDconsidered inside as specifiedb%, —D, —N.
z select records NDwithin the range specified byZ.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
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map height, max dimension, or min dimension, apgenrd or - to the width, respeactély.
More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

=Jjlon0/scale(Miller)

-Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lonl/latl/scal€éOblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalg Equidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—-Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=Jllon0/lat0/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
—Jrlon0O/scale(Winkel Tripel)
-JvlonO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

Pass all records whose location is withdist of ary of the line segments in the ASCII multiple-
segment filelinefile. If distis zero then the 2nd column of each sub-header iptfhe must hae
each lines individual distance alue. Distancesre Cartesian and in user units; speeifg to
indicate spherical distances in krAlternatively, if —R and-J are used then geographic coordi-
nates are projected to map coordinates (in cm, inch, m, or points, as determiMigAby
SURE_UNIT) before Cartesian distances are comparedigb Use-Lp to ensure only points

whose orthogonal projections onto the nearest line-segment fall within the segments endpoints
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[Default considers points "beyond" the lisghdpoints.

-M Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and—-Mo to give eparate settings.

-N Pass all records whose location is inside specified geographical feaBpesify if records should
be skipped (s) or kept (k) using 1 of 2 formats:
—Nwet/dry.
—Nocean/land/lake/island/pond
Appendo to let points exactly on feature boundaries be considered outside the featardt[[3ef
inside]. [Default is s/k/s/k/s (i.e., s/k), which passes all points on dry land].

-Z Pass all records whose 3rd colum (z) lies within theagrange. Inpufile must hae & least three
columns. © indicate no limit on min or max, specify a hyphen (-).

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). If no map projection is supplied we implicitly selx1.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give mme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufbd if available) or specify more decimals using the
D_FORMAT setting.

NOTE ON DISTANCES
If options—C or —L are selected then distances are Cartesian and in user unitég teemply spherical
distances in km and geographical (lon, lat) coordinafdternatively, specify -R and-J to measure pro-
jected Cartesian distances in map units (cm, inch, m, or points, as determMEABYRE UNIT).
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This program haswvelved over the years.Originally, the -R and -J were mandatory in order to handle
geographic data, but wothere is full support for spherical calculationBhus,—-J should only be used if
you want the tests to be applied on projected data and not the original coordihatess used the dis-
tances gien via —C and-L are projected distances.

EXAMPLES
To extract the subset of data set that is within 300 km gfadrthe points in pts.d but more than 100 km
away from the lines in lines.d, run
gmtselectlonlatfile —fg —C300/pts.d-L 100/lines.d-1l > subset

Here, you must specifyfg so the program kmwes you are processing geographical data (otherwise 300
would be interpreted as Cartesian distance in x-y units instead of km).

To keep all points in data.d within the specified region, except the points on land (as determined by the
high-resolution coastlines), use

gmtselectdata.d-R120/121/22/24-Dh —Ngk > subset

To return all points in quakes.d that are inside the spherical polygon lonlatpath.d, try
gmtselectquakes.d-Flonlatpath.d-fg > subsetl

To return all points in stations.d that are within 5 cm of the point in origin.d for a certain projection, try

gmtselectstations.d-Forigin.d —-R20/50/-10/20-JM 20c > subset2

SEE ALSO
gmtdefaultél), GMT(1), grdlandmaskl), pscoasfl)
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NAME
gmtset — © change individuaGMT default parameters

SYNOPSIS
gmtset [ —Gdefaultsfile] PARAMETER1 [=] valuel PARAMETER2 [=] value2 PARAMETER3 [=]
value3...

DESCRIPTION

gmtsetwill adjust individual GMT defaults settings in the current directaygmtdefwults4 file. If no such
file exists one will be created. The main purposgrofsetis temporarily to change certain parameters
inside a shell script, e.g., set the dots-per-inch to 600, run the script, and reset to 3Dgtidpially; you
can specify one or more temporary changes directly gn GMT command line with the syntax
——PARAMETER=VALUE ; such changes are only infe€t for that command and do not permanently
change the default settings on disk.

PARAMETER value
Provide one or seral pairs of parameter/value combinations that yaatvto modify For a com-
plete listing of aailable parameters and their meaning, segthtglefaults man page.

OPTIONS
-G Name of specific .gmtdefaults4 file to modify [Default looks first in current diredtoey in your
home directorythen in “/.gmt and finally in the system defaults].
EXAMPLES

To change the dpi to 600, set annotation font to klita, and select grid-crosses of size 0.1 inch, and set
annotation offset to 0.2 cm:

gmtset DOTS_PR_INCH 600 ANNOT_FONT_PRIMARY Helvetica GRID_CROSS_SIZE_PRI-
MARY 0.1 ANNOT_OFFSET_PRIMARY 0.2

SEE ALSO
GMT(1), gmtdefault§l)
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NAME
grd2cpt — Read a grid file and nea& ®lor palette file

SYNOPSIS
grd2cpt grdfile[ —Ccptmastefl [ =D ][ —Enlevels] [ =1 ][ —Lminlimit/maxlimit][ -M ][ =N ][ —-Ql[i|o] ]
[ —-Rwesteastsouthinorth[r] ] [ —Szstart/zstop/zing[ -T-[+_ |=]1[ -V ][ -Z]

DESCRIPTION
grd2cpt reads a grid file and writes a color palette (cpt) file to standard oltpaetcpt file is based on an
existing master cpt file of your choice, and the mapping from daltzeto colors is through the daa’
cumulative dstribution function (CDF), so that the colors are histogram equalizds if the grid and the
resulting cpt file are used grdimage with a linear projection, the colors will be uniformly distribd in
area on the plot. Let z be the data values in the ddiefine CDF(Z) = (# of z < Z) / (# of z in grid).
(NaNs are ignored). These alues are then normalized to the master cpt file and colors are sampled at the
desired intervals.
The color palette includes three additional colongobd the range of z-values. These are the background
color (B) assigned to values lower than thedst z-value, the forground color (F) assigned talues
higher than the highegtvalue, and the NaN color (N) painted wheeze/alues are undefined.
If the master cpt file includes B, &d N entries, these will be copied into thevmeaster file. If not, the
parametersCOLOR_BACKGROUND, COLOR_FOREGROUND, and COLOR_NAN from the .gmt-
defaults4 file or the command line will be used. This default behavior camebeiled using the options
-D, -M or —-N.
The color model (RGB, HSV or CMYK) of the palette createdrakecptwill be the same as specified in
the header of the master cpt file. When there i€@0L.OR_MODEL entry in the master cpt file, the
COLOR_MODEL specified in the .gmtdefaults4 file or on the command line will be used.

grdfile The 2-D binary grid file used to deeithe color palette table.

OPTIONS
-C Selects the master color table to use in the interpolattiroose among the built-in tables (type
grd2cpt to see the list) or ge the name of an existing cpt file [Defaulves a minbav cpt file].

-D Select the colors for lowest and highestalues in the output cpt file as the back- anddiaend
colors that will be written to the cpt file [Daflt uses the colors specified in the master file, or
those defined by the paramet&@®LOR_BACKGROUND, COLOR_FOREGROUND, and
COLOR_NAN].

-E Create a linear color table by dividing the grid z-rangeriid@elsequidistant slices.

= Reverses the sense of color progression in the master cpAfde. exchanges the foreground and
background colors, including those specified by the paramé@tOR_BACKGROUND and
COLOR_FOREGROUND.

-L Limit range of cpt file taminlimit/maxlimit and dont count data outside range when estimating
CDF(2). [Default uses min and max of data.]

-M Overrule background, foreground, and NaN colors specified in the master cpt file widlube v
of the parameter€OLOR_BACKGROUND, COLOR_FOREGROUND, and COLOR_NAN
specified in the .gmtdefaults4 file or on the command livwhen combined with-D, only
COLOR_NAN is considered.

-N Do not write out the background, foreground, and NaN-color fields [Default will write them].

-Q Selects a logarithmic interpolation scheme Hudff is linear]. —Qi expects input z-values to be
log10(z), assigns colors, and writes out z Adt]. —Qo takes log10(z) first, assigns colors, and
writes out z.

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits

correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—-Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
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may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; tHeis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

Set steps in cpt file. Calculate entries in cpt file fastartto zstopin steps of £ind). [Default
chooses arbitrary values by a crazy scheme.]

Force the color table to be symmetric about zero (from -R to +R). Append flag to set the range R:
for R =|zmin|+ for R = |zmax]|,_for R = min(|zmin|, [zmax|), &rfor R = max(|zmin|, [zmax]|).

Verbose operation. This will write CDF(Z) estimates to stdfpefault is silent.]
Will create a continuous color palette. [Default is discontinuous, i.e., constant color intervals]

Sometimes you dohivant to mak a @t file (yet) lut would find it helpful to kne that 90% of your data
lie between z1 and z2, something you cannot learn fnalimfo. So you can do this to see some points on
the CDF(Z) cure (use-V option to see more):

grd2cpt mydata.grd-V > /dev/null

To make a @t file with entries from 0 to 200 in steps of 20, and ignore datavtedoo in computing
CDF(2), and use the built-in master cpt file relief, run

grd2cpt mydata.grd-Crelief -L 0/10000-S0/200/20 > mydata.cpt

SEE ALSO

gmtdefaultél), GMT(1), grdhisteq1), grdinfo(1), makecpfl)

GMT4.2.1

100ct 2007 2



GRD2XYZ(1) GeneridMapping Tools GRD2XYZ(1)

NAME
grd2xyz — Cowerting grid file(s) to ASCII or binary data

SYNOPSIS
grd2xyz grdfiles [ —E[nodatd ] [ —H[i][nred ] [ —Rwesteastsouthinorth[r] 1 [ -S[r] 1 [ -V ][
-W[weighl ][ —Z[flag] ][ —bo[s|S|d|D][ncol ] [ —fcolinfo]

DESCRIPTION
grd2xyz reads one or more binary 2-D grid files and writes out xyz-triplets in ASCII [or binary] format to
standard output. Modify the precision of the ASCII output format by editin@tHeORMAT parameter
in your .gmtdefaults4 file or use-D_FORMAT=format on the command line, or choose binary output
using single or double precision storages an option you may output z-values without the (X,y) in a num-
ber of formats, seeE or —Z below.

grdfiles Names of 2-D binary grid files to be s@rnted.

OPTIONS
-E Output an ESRI Arcinfo ASCII interchange grid format fikkppendnodatawhich will be used
wherever the grid value equals NaN [-9999]. Note that all data values are written as integers.

-H Output 1 header record based on information in the first grid file helphared if binary output
is selected. [Default is no header].

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

-S Suppress output for nodes whose z-value equals NaN [Default outputs all nagpshdr to
reverse the suppression, i.e., only output the nodes whose z-value equals NaN.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-W Write out x,yz,w, where w is the suppliegeight(or 1 if not supplied) [Defult writes x,y,z only].

-Z Write a 1-column ASCII [or binary] tableOutput will be oganized according to the specified

ordering comention contained irflags If data should be written by rows, neffags start with
T(op) if first rav is y = ymax orB(ottom) if first rawv is y = ymin. Thenappend. or R to indicate
that first element should start at left or right end of rhikewise for column formats: start with

or R to position first column, and then appéehar B to position first element in awo For grid-

line registered grids: If grid is periodic in xitthe outcoming data should not contain the (redun-
dant) column at x = xmax, appeRrd For grid periodic in yskip writing the redundant o aty =
ymax by appending. If the byte-order needs to be swapped, appendelect one of seral
data types (all binary excegy

a ASCII representation

¢ signed 1-byte character

u unsigned 1-byte character

h short 2-byte integer

i 4-byte integer

| long (4- or 8-byte) integer [architecture-dependent!]
f 4-byte floating point single precision
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d 8-byte floating point double precision

Default format is scanline orientation of ASCIl numbetZTLa. Note that-Z only applies to
1-column output.

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 3]. This option only applies to xyz output;-sédor z table output.

Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to bot&ive ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrtile.
gitude and latitude are formatted accordin@tdTPUT _DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES

To ddit individual values in the 5" by 5’ maii_grv.grd file, dump the .grd to ASCII:

grd2xyz hawaii_grv.grd > havaii_grv.xyz

To write a single precision binary file without the x,y positions from the file raw_data.grd file, using scan-
line orientation, run

grd2xyz raw_data.grd-ZTLf > hawadi_grv.b

SEE ALSO

gmtdefaultél), GMT(1), grdedit(1), xyz2grd1)
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NAME
grdblend — Blend seral partially over-lapping grids into one large grid

SYNOPSIS
grdblend blendfile-Ggrdfile —Ixind unit][ =|+][/ yindunit][=|+]] —~Rwesteastsouthinorth[r] [ -Nnodata] [
—-Q][ —Zscale][ -V ][ -W ][ —fcolinfo]

DESCRIPTION
grdblend reads a listing of gridded files and blend parameters and creates a binary grid file by blending the
other grids using cosine-taper weighggdblend will report if some of the nodes are not filled in with data.
Such unconstrained nodes are set to a value specified by the user [Default is NaN]. Nodes with more than
one value will be set to the weightedeage value.

blendfile
ASCII file with one record per grid file to include in the blethch record must contain the grid-
file name, the-R-setting for the interior region, and the relativeightwr, separated by spaces or
tabs. Inthe combined weighting scheme, this grid will beegiweight = zero outside its domain,
weight =wr inside the interior region, and a 2-D cosine-tapered weight between those end-mem-
bers in the boundary striglowever, if a negdive wr is given then the sense of tapering isérted
(i.e., zero weight inside its domain)f the ASCII file is not gren grdblend will read standard
input.

-G grdfileis the name of the binary output grid file.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaaly, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrtbmber of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheveyaeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

OPTIONS
-N No data. Set nodes with no input grid to this value [Default is NaN].

-Q Create a header-less grid file suitable for use grtinaster. Requires that the output grid file is a
native format (i.e., not netCDF).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Do not blend, just output the weights used for each node. This option is valid when only one input
grid is provided [Default makes the blend].
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-Z Scale output values tscalebefore writing to file. [1].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

EXAMPLES
To areate a grid file from the four gridded files piece_?.grd,enttek blendfile lile this
piece_1.grd -R<subgion_1> 1
piece_2.grd -R<subgion_2> 1
piece_3.grd -R<subgion_3> 1
piece_4.grd -R<subgion_4> 1
Then run

grdblend blend.job—Gblend.grd-R<full_region>-I<dx/dy>-V

SEE ALSO
GMT(1), grd2xyZ1), grdedit(1)
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NAME
grdclip — Clipping of range in grid files.
SYNOPSIS
grdclip input_file.grd-Goutput_file.grd —Sahigh/above [ —Shlow/below] [ -V ]

DESCRIPTION
grdclip will set values dow to belowand/or values Hhighto above Useful when you want all of a conti-
nent or an ocean t@lf into one color or grayshade in image processing, or clipping of the range of data
values is requiredabove/belovwcan be ap number or NaN (Not a Number)fou must choose at least one
of —Saor -Sh.

input_file.grd
The input 2-D binary grid file.

-G output_file.grds the modified output grid file.

OPTIONS
-Sa  Set all data[i] >highto above

-Sb  Set all data[i] dow to below

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To st all values > 70 to NaN and all values < 0 to 0 in file data.grd:

grdclip data.grd-Gnew_data.grd-Sa70/NaN-Sh0/0 -V

SEE ALSO
GMT(2), grdlandmaskl), grdmasK1), grdmath(1), grd2xyZ1), xyz2grd1)
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NAME
grdcontour — Contouring of 2-D gridded data sets

SYNOPSIS
grdcontour grdfile —Ccont_int —Jparameters[ —A[-lannot_in}[labelinfgd ] [ —B[p|s|parameters] [
—-Ddumpfile] [ —Eazimuth/elevatio [ —F[l|r] 1 [ —G[d[f|n|l|L [x|]X]params] [ -K ] [ —Llow/high] [
-M[flag] 1 [ O ][ -P ][ —-Qcut ] [ —-Rwesteastsouthinorthjr] ] [ —Ssmoothfactor] [
~T[+[-l[gap/lengti[:LH] ] [ -U[/dxdy/][labell ] [ -V ] [ -W[+][typdpen] [ —X[alc|r][x-shif{u]] ] [
=Y[alclr][y-shiffu]] ] [ —Z[factor/shiff]][ p] ][ —ccopies] [ —bo[s|S|d|D][ncol] ]

DESCRIPTION
grdcontour reads a 2-D gridded file and produces a contour map by tracing each contour through the grid.
As an option, the x/y/z positions of the contour lines may be dumped to a single multisegment filg or man
separate filesPostScriptcode is generated and sent to standard oulfastous options that affect the plot-
ting are aailable.

grdfile 2-D gridded data set to be contoured

-C The contours to be drawn may be specified in one of three possible ways:
(1) If cont_inthas the stix ".cpt" and can be opened as a file, it is assumed to be a color palette
table. Thecolor boundaries are then used as contowglde If the cpt-file has annotation flags in
the last column then those contours will be annotated. Byuledll contours are labeled; use
—A- to disable all annotations.
(2) If cont_intis a file but not a cpt-file, it is expected to contain contoweldén column 1 and a
C(ontour) OR A(nnotate) in col 2. Thevibs marked C (or c) are contoured, theels marked A
(or a) are contoured and annotateédptionally, a third column may be present and contain the
fixed annotation angle for this contouvde
(3) If no file is found, theront_intis interpreted as a constant contour irdérdf —A is set and
—C is not, then the contour interval is set equal to the specified annotation interval.
If a file is gven and T is set, then only contours marked with upper case C or A wié lek-
marks. Inall cases the contour valuessbahe same units as the grid.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, apgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jjlon0/scale(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal€Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)
—-Jelon0/latO/scalg Equidistant)
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OPTIONS

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/lat0/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
=JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—Jnlon0/scale(Robinson)
—JrlonO/scale(Winkel Tripel)
-JvlonO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

No space between the option flag and the associated arguments.

-A

GMT4.2.1

annot_intis annotation interval in data unitignored if contour leels are gien in a fle. [Default

is no annotations]. Append- to disable all annotations implied ByC. The optionallabelinfo
controls the specifics of the label formatting and consists of a concatenated string madeyup of an
of the following control arguments:

+aangle
For annotations at a fed anglejan for line-normal, or+ap for line-parallel [Deéult].
By appending the or d we get annotations whose top face thet m@per or lower anno-
tation, respectily.

+cdx{/dy]
Sets the clearance between label and optiomalb@x. Appendc|iim|p to specify the
unit or % to indicate a percentage of the label font size [15%].

+d Turns on debug which will dve helper points and lines to illustrate the workings of the
guoted line setup.

+ffont Sets the desired font [DefaddlNNOT_FONT_PRIMARY ].

+g[color]
Selects opaquextboxes [Default is transparent]; optionally specify the color [Default is
PAGE_COLOR]. (SeeSPECIFYING COLOR below).

+jjust  Sets label justification [Default is CM]. Ignored when -SqN|n+|-1 is used.

+kcolor
Sets color of text labels [Datdilt is COLOR_BACKGROUND]. (SeeSPECIFYING
COLOR below).
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GMT4.2.1

+ndx/dy]
Nudges the placement of labels by the specified amount (agfign{p to specify the
units). Incrementsire considered in the coordinate system defined by the orientation of
the line; userN to force increments in the plot x/y coordinates system [no nudging].

+0 Selects rounded rectangular text box [Default is rectanguhuat. applicable for cured
text (+v) and only makes sense for opaque text boxes.

+p[peri
Draws the outline of text boxsets [Default is no outline]; optionally specify pen for out-
line [Default is width = 0.25p, color = blackxtare = solid]. (See SPECIFYING PENS
below).

+rmin_rad
Will not place labels where the ligefadius of curature is less thamin_rad[Default is
0].

+ssize Sets the desired font size in points [Default is 9].

+uunit Appendsunitto all line labels. lunit starts with a leading hypen (-) then there will be no
space between label value and the uHlino unit is appended we use the units listed in
the grid file. [Default is no unit].

+v Specifies curved labels following the path [Default is straight labels].
+w Specifies ha mary (X, y) points will be used to estimate label angles [Default is 10].
+=prefix

Prependprefixto all line labels.If prefix starts with a leading hypen (-) then there will
be no space between label value and the prefix. [Default is no prefix].

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Dump the (x,y,z) coordinates of each contour to separate files, one for each camumntséhe

files will be namedlumpfile_cont_segment[.Xyz (or.bis —b is selected), whereontis the con-

tour value angegments a running segment number for each contour interval (for closed contours
we append _i.) If the prefix is\gin as -’ the file names are inste&@id _i(interior) orC#_e(exter-

nal) plus extension, and # is just a running numBéis allows us to makshort file names that

will work with GNU utilities under DOS.However, when—M is used in conjunction withD a
single multisegment file is created instead.

Sets the viewpoirg’&imuth and eleation for perspectie view [180/90].

Force dumped contours to be oriented so that higher z-values are to th&ll¢Refault]) or right
(-Fr) as we nove dong the contour [Default is arbitrary orientation]. RequirEs

Controls the placement of labels along the contours. Choose amemgrfixolling algorithms:

—Gddisfc|iim|p] or—-GDdist{d|e|k|m|n]
For lower cased, give distances between labels on the plot in your preferred measure-
ment unitc (cm), i (inch), m (meter), orp (points), while for upper cade, specify dis-
tances in map units and append the unit; choose ae@ng k (km), m (mile), n (nauti-
cal mile), ord (spherical dgree). [Defult is 1@ or 4i].

—Gfffile.d
Reads the ascii filffile.d and places labels at locations in the file that matches locations
along the contours. Inexact mathces and points outside the region are skipped.

—-Gl|Lline]],line2,...]
Give start andstopcoordinates for one or more comma-separated straight meesgs.
Labels will be placed where these lines intersect the contours. The format dineach
specification isstart/stop wherestart and stop are either a specified poitdn/lat or a
2-characterXY key that uses the justification format employedpstext to indicate a
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point on the map, gen as LCR][BMT]. In addition, you may use Z+ and Z- which cor
respond to the locations of the global max and min locations in the grid, redyecti
—GL will interpret the point pairs as defining great circles [Default is straight line].

-Gnn_label
Specifies the number of equidistant labels for contours line [1]. Upper-Gisestarts
labeling exactly at the start of the line [Reft centers them along the linekGN-1
places one justified label at start, whil&N+1 places one justified label at the end of
contours. Optionallyappend min_disfc|iim|p] to enforce that a minimum distance sepa-
ration between successilabels is enforced.

-Gx|Xxfile.d
Reads the multi-segment fitéile.dand places labels at the intersections between the con-
tours and the lines xfile.d —GX will resample the lines first along great-circle arcs.

In addition, you may optionally appengdiugc|iim|p] to set a minimum label separation in the x-y plane
[no limitation].

GMT4.2.1

More PostScriptcode will be appended later [Default terminates the plot system].
Limit range: Do not dna contours for data values beldaw or abwe high.

When used in conjunction withD a dngle multisgment file is created, and each contour section
is preceeded by a header record whose first coluftagifollowed by the contour lesl.

Selects Overlay plot mode [Default initializes avrot system].
Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].
Do not drav contours with less thacut number of points [Dra al contours].

xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). [Default is region defined in the grid file].

Used to resample the contour lines at roughityye(gridbox_sizesmoothfactorinterval.

Will draw tickmarks pointing in the denward direction eery gap along the innermost closed
contours. Appendjap and tickmark length or use defaults [@&1c or 0.20.04i]. Usermay
choose to tick only local highs or local lows by specifyiig- or —T-, respectiely. Appending

:LH will plot the characters L and H at the center of closed innermost contours (local lows and
highs). Land H can be ansingle character (e.g., LH, -+, etc.) If a file ivgi by —C and-T is

set, then only contours marked with upper case C or A wi# liekmarks [and annotation].

Draw Unix System time stamp on plot. User may specify where therléeft corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

type if present, can ba for annotated contours arfor regular contours [Dalilt]. pensets the
attributes for the particular lineDefault values for annotated contours: width = 3, color = black,
texture = solid. Regular contours hae default width = 1. (See SPECIFYING PENS be)o If
the+ flag is specified then the color of the contour lines are taken from the cpt fiteQsee
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-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

-Z Use to subtrachift from the data and multiply the results fagtor before contouring starts [1/0].
(Numbers in-A, —C, -L refer to values after this scaling has occurréghpendp to indicate that
this grid file contains z-values that are periodic in 36§rekes (e.g., phase data, angular digtrib
tions) and that special precautions must be taken when determining 0-contours.

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary

output file.
—-C Specifies the number of plot copies. [Default is 1].
—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to

male this apply only to input or output [Default applies to botGjive ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanf[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|es, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT _DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To contour the file haaii_grav.grd every 25 mGal on a Mercator map at 0.5 inclgfee, annotatevery 50
mGal (using fontsize = 10), using 1 degree tickmarks, and 8@arinute gridlines:

grdcontour hawaii_grav.grd —-Jm0.5 —C25-A50+f10 -B1g30m > hawadi_grav.ps

To oontour the file image.grd using thedks in the file cont.d on a linear projection at 0.1 cm/x-unit and 50
cm/y-unit, using 20 (x) and 0.1 (y) tickmarks, smooth the contours a bit, use "RMS Misfit" as plot-title, use

a thick red pen for annotated contours, and a thin, dashed, blue pen for the rest, and send the output to the
default printer:

grdcontour image.grd -Jx0.1c¢/50.0c —Ccont.d -$4 -B20/0.1.."RMS Misfit"; —Wathick,red
-Wcthinnest,blue,- | Ip

The labeling of local highs and lows may plot outside the innermost contour since only theafneaof v
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the contour coordinates is used to position the label.

SEE ALSO
GMT(1), gmtdefault§l), psbasemafd), grdimage(1), grdview(1), pscontou(l)
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NAME
grdcut — Extract a subregion out of a grid file

SYNOPSIS
grdcut input_file.grd—Goutput_file.grd-Rwesteastsouthinorth[r] [ =V ][ —f[i|o]colinfo]

DESCRIPTION
grdcut will produce a ne output_file.grdfile which is a subregion dahput_file.grd The subregion is
specified with-R as in other programs; the specified range mustxustegl the range afput_file.grd If
in doubt, rungrdinfo to check range. Complementarygalcut there isgrdpaste, which will join together
two grid files along a common edge.

input_file.grd
this is the inputgrd format file.

—Goutput_file.grd
this is the outputgrd format file.

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required.The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). Thisdefines the subregion to be cut out.

OPTIONS
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to

male this apply only to input or output [Deilt applies to both]Give zme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

EXAMPLES
Suppose you va wisedsurfaceto grid ship gravity in the region between 148E - 162E and 8N - 32N, and
you do not trust the gridding near the edges, so you want to keep only the area between 150E - 160E and
10N - 30N, then:

grdcut grav_148 162 8 32.grelGgrav_150 160 10 30.greR150/160/10/36-V

SEE ALSO
grdpastél), grdinfo(1), GMT(1)
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NAME
grdedit — Modifying the header or content of a 2-D grid file

SYNOPSIS
grdedit grdfile [ —A ] [ —Dxnaméynaméznaméscaldoffsettitle/remark | [ —E ] [ —Nxyzfile ] [
—Rwesteastsouthinorth[r] 1[ =S]1[ =T 1[ =V ][ =:[ilo] 1 [ —bi[s|S|d|D][ncoll ] [ —f[ilo]colinfo]

DESCRIPTION
grdedit reads the header information in a binary 2-D grid file and replaces the information with values pro-
vided on the command line [if gh As an option, global, geographical grids (with 36@mes longitude
range) can be rotated in the east-west direction, and individual raddak\can be replaced from a table of
X, ¥ zvaues. grdedit only operates on files containing a grdheader.

grdfile Name of the 2-D grid file to modify

OPTIONS
No space between the option flag and the associated arguments.

-A If necessaryadjust the files x_inc, y_incto be compatible with its domain (or amndomain set
with —R). Oldergrid files (i.e., created prior 8MT 3.1) often had»xessve dop inx_inc, y_inc
and an adjustment is necessaxgwer files are created correctly.

-D Give rew vdues forxname yname zname scale, offset, title andremark To leave osme of the
values untouched, specify = as thevnalue. Alternatiely, to dlow "/" to be part of one of the
values, use annon-alphanumeric character as separator by both starting and ending with it. F
example:—D:xnameynameznamescaleoffsettitle:remark

-E Transpose the grid and exchangexia@dy information. Incompatiblevith the other options.

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

-N Read the ASCII (or binary; sedi) file xyzfileand replace the corresponding nodal values in the
grid with thesez values.

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). Thenew w/e/s/n values will replace those in the grid, andxthiac,
y_incvaues are adjusted, if necessary.

-S For global, geographical grids onlyGrid values will be shifted longitudionally according to the
new borders gren in —R.

-T Make recessary changes in the header tovema gridline-rgistred grid to a pil-registered grid,
or vice-\ersa. Basicallygridline-registered grids will hae their domain extended by half the x-
and y-increments whereas eixegistered grids will hee their domain shrunk by the same
amount.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if

GMT4.2.1 100ct 2007 1



GRDEDIT(2) GeneridMapping Dols GRDEDIT(1)

it exceeds the columns needed by the program. [Default is 3 input columns].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

EXAMPLES
Let us assume the file data.graves the area 300/310/10/38Ve want to change the boundaries from geo-
detic longitudes to geographic and put e tile in the headerWe accomplish this by

The grid world.grd has the limits 0/360/-72/7Z0 4hift the data so that the limits onld be
-180/180/-72/72, use

grdedit world.grd —R-180/180/-72/72-S

The file junk.grd was created prior ®MT 3.1 with incompatible-R and-I aguments. @ reset the x-
and y-increments we run

grdedit junk.grd—A

The file junk.grd was created prior@MT 4.1.3 and does not contain the required information to indicate
that the grid is geographid@o add this information, run

grdedit junk.grd—fg

SEE ALSO
GMT(1), grd2xyZ1), xyz2grd1)
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NAME
grdfft — Perform mathematical operations on grid files in taeemumber (or frequency) domain

SYNOPSIS
grdfft in_grdfile—Gout_grdfile[ —Aazimuth] [ —Czlevel] [ -D[scaldg] ] [ —E[x|yl[w] ][ —F[x|y]params]
[ -l[scaldg] ][ =L ][ =M ][ —Nstuff] [ —Sscale] [ —Tte/rl/rm/rw/ri ][ =V ]

DESCRIPTION
grdfft will take the 2-D forward Fast Fourier Transform and perform one or more mathematical operations
in the frequeng domain before transforming back to the space domAmoption is provided to scale the
data before writing the mevalues to an output file. The horizontal dimensions of the grid are assumed to
be in meters.Geographical grids may be used by specifying-theoption that scales degrees to meters.
If you have gids with dimensions in km, you could change this to meters ggagdit or scale the output
with grdmath.

in_grdfile
2-D binary grid file to be operated on.

-G Specify the name of the output grid file.

OPTIONS
No space between the option flag and the associated arguments.

-A Take the directional devative in theazimuthdirection measured in degrees CW from north.
-C Upward (forzlevel> 0) or downward (forzlevel< 0) continue the fiel&levelmeters.

-D Differentiate the field, i.e., tekdfield)/dz. Thisis equvaent to multiplying by kr in the fre-
gueny domain (kr is radial \ve number). Appendh cale to multiply by (kr *scalg instead.
Alternatively, appendg to indicate that your data are geoid heights in meters and output should be
gravity anomalies in mGal. [Default is no scale].

-E Estimate power spectrum in the radial directi®tacex or y immediately after-E to compute the
spectrum in the x or y direction instead. No grid file is created; f (i.e., fregoern@venumber),
power[f], and 1 standard deviation in power[f] are written to stdofppend w to write
wavelength instead of frequenc

-F Filter the data.Placex ory immediately after-F to filter x or y direction only; default is isotropic.
Choose between a cosine-tapered band-pass or a Gaussian band-paSsditiertaper: Specify
four wavdengths in correct units (seé/) to design a bandpass filterawdengths greater than
or less tharhc will be cut, wavdengths greater thalp and less thamp will be passed, and
wavelengths in between will be cosine-taperdglg., —F1000000/250000/50000/10060 will
bandpass, cuttingavdengths > 1000 km and < 10 km, passireydengths between 250 km and
50 km. To make a hghpass or lowpass filtemgive hyphens (-) forhp/hc or Ic/lp. E.g.,
—Fx-/-/50/10 will lowpass x, passing vavdengths > 50 and rejecting awdengths < 10.
—Fy1000/250/-/- will highpasy, passing vavdengths < 250 and rejectingawdengths > 1000.
Gaussian band-pass: Appendtwavdengths in correct units (seél) to design a bandpass filter
At the given wavdenghts the Gaussian filter weights will be 0.6.rfake a highpass or lapass
filter, give a hyphen (-) for thehi or lo wavelength, respeoctely. E.g.,—F-/30 will lowpass the data
using a Gaussian filter with half-weight at 30, while400/- will highpass the data.

= Integrate the field, i.e., compute igtal_over_z (field * dz). This is equilent to dvide by kr in
the frequeng domain (kr is radial wvenumber). Append sale to divide by (kr scalg instead.
Alternatively, appendg to indicate that your data set is gravity anomalies in mGal and output
should be geoid heights in meters. [Default is no scale].

-L Leave rend alone. By default, a linear trend will be rexbprior to the transform.

-M Map units. Choose this option if your grid file is a geographical grid and ymt @ comert
degrees into meterdf the data are close to either pole, you should consider projecting the grid file
onto a rectangular coordinate system ugjraproject.
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-N Choose or inquire about suitable grid dimensions for. FFNIf will force the FFT to use the
dimensions of the data~Ng will inQuire about more suitable dimensionsNnx/nywill do FFT
on array sizenx/ny (Must be >= grid file size)Default chooses dimensions >= data which opti-
mize speed, accura®f FFT. If FFT dimensions > grid file dimensions, data axteeded and
tapered to zero.

-S Multiply each element bycalein the space domain (after the frequemibmain operations).
[Default is 1.0].
-T Compute the isostatic compensation from the topogrégédd (input grid file) on an elastic plate

of thicknesdge. Also append densities for load, mantletey and infill in Sl units. If te== 0 then
the Airy response is returneeT implicitly sets—L.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To ypward continue the seavi@ magnetic anomalies in the file mag_0.grd tova&lI800 m abee alevel:

grdfft mag_0.grd-C800-V -Gmag_800.grd

To transform geoid heights in m (geoid.grd) on a geographical grid to free-air gravity anomalies in mGal:
grdfft geoid.gra-Dg -M -V -Ggrav.grd

To transform gravity anomalies in mGah#.grd) to deflections of the vertical (in micro-radians) in the 038

direction, we must first integrate gravity to get geoid, thea ta directional devitive, and finally scale
radians to micro-radians:

grdfft faa.grd—lg —~A38-Sle6-V —-Gdefl_38.grd

Second vertical deratives of gavity anomalies are related to the curvature of the figl an compute
these as mGal/m™2 by differentiating twice:

grdfft gravity.grd—-D -D -V -Ggrav_2nd_deviative.grd

The first order gndty anomaly (in mGal) due to the compensating surface caused by the togolgragh
topo.grd (in m) on a 20 km thick elastic plate, assumed to be 4 km beneath thatabsdéael can be
computed as

grdfft topo.grd-T20000/2800/3330/1030/2306{80.022-C4000-Gcomp_faa.grd

where 0.022 is the scale needed for the first ternaiikelP’s expansion for computing gravity from topogra-
phy (=2 * Pl * G * (rhom - rhol)).

SEE ALSO
GMT(2), grdedit(1), grdmath(1), grdproject(1)
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NAME
grdfilter — Filter a 2-D gridded file in the space (or time) domain

SYNOPSIS
grdfilter  input_file.grd -Ddistance_flag -—F<filtertype><width>[modé¢ -Goutput file.grd [
=Ixindunif][=|+][/yindunif][=+]] ] [ —-Rwesteastsouthinorth[r]][ -T ][ =V ][ —f[ilo]colinfo]

DESCRIPTION
grdfilter will filter a .grd file in the time domain using one of the selectedsolotion or non-comolution
filters and compute distances using Cartesian or Spherical geometries. Thegrdtfilet can optionally
be generated as a stlegon of the input and/or with a me-Increment. Irthis way, one may hae "extra
space" in the input data so that the edges will not be used and the output can be within one-half- width of
the input edges. If the filter is low-pass, then the output may be less frequently sampled than the input.

input_file.grd
The file of points to be filtered.

-D Distanceflag tells hawv grid (x,y) relates to filtewidth as follows:

flag=0: grid (x,y) same units awidth, Cartesian distances.
flag= 1. grid (x,y) in degreeswidthin kilometers, Cartesian distances.
flag=2: grid (X,y) in degreesyidthin km, dx scaled by cos(middle y), Cartesian distances.

The abeoe mtions are fastest becauseyttaiow weight matrix to be computed only oncéhe
next three options are slower becausg teeompute weights for each latitude.

flag=3: grid (x,y) in dggreeswidthin km, dx scaled by cosine(y), Cartesian distance calculation.
flag= 4. grid (X,y) in degreeswidthin km, Spherical distance calculation.
flag=5: grid (x,y) in Mercator -Jm1 img unitsyidthin km, Spherical distance calculation.

-F Sets the filter type. Choose among \amuation and non-covolution filters. Append the filter
code followed by the full diametaridth. Available cowolution filters are:
(b) Boxcar: All weights are equal.
(c) Cosine Arch: Weights follw a cosine arch curve.
(g) Gaussian: Weights arewgn by the Gaussian function.
Non-corvolution filters are:
(m) Median: Returns median value.
(p) Maximum likelihood probability (a mode estimator): Return moddlie. If more than one
mode is found we return theivexage alue. Append or + to the filter width if you rather want to
return the smallest or largest of the modal values.
() Lower: Return the minimum of all values.
(L) Lower: Return minimum of all posite values only.
(u) Upper: Return maximum of all values.
(U) Upper: Return maximum or all gdive values only.
In the case oL|U it is possible that no data passes the initial sign test; in that case the filter will
return 0.0.

-G output_file.grds the output of the filter.

OPTIONS
= x_inc[and optionallyy ind is the output Increment. Append to indicate minutes, a to indi-
cate secondslf the new x_inc, y_incare NO integer multiples of the old ones (in the input
data), filtering will be considerably sloweDefault: Sameas input.]

-R west, east, soutlindnorth defines the Region of the output points. [@éf. Sameas input.]

-T Toggle the node astration for the output grid so as to become the opposite of the input grid
[Default gives the same registration as the input grid].
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-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give acme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

EXAMPLES
Suppose that north_pacific_dbdb5.grd is a file of 5 minuteybvettny from 140E to 260E and ON to 50N,
and you want to find the medians eflives within a 300km radius (600km full width) of the output points,
which you choose to be from 150E to 250E and 10N to 40N, and you want the output velydse
degree. Usingspherical distance calculations, you need:

grdfilter north_pacific_dbdb5.grdGfiltered_pacific.gra-Fm600-D4 —R150/250/10/46G-10.5-V

LIMIT ATIONS
When working with geographic (lat, lon) grids, all threevaution filters (boxcarcosine arch, andays-
sian) will properly normalize the filter weights for thariation in gridbox size with latitude, and correctly
determine which nodes are needed for thevraation when the fiter "circle" crosses a periodic (0-360)
boundary or contains a geographic pditowever, the spatial filters, such as median and mode filters, do
not use weights and thus should only be used on Cartesian grids (or atwiatitlales) only If you want
to apply such spatial filters you should project your data to an equal-area projection and run grdfilter on the
resulting Cartesian grid.
To use the-D5 option the input Mercator grid must be created by img2mercgrd usingtogption so the
origin of the y-values is the Equator (i.e., x =y = 0 correspond to lon = lat = 0).

SEE ALSO
GMT(2), grdfft(1) img2mercgrdl)
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NAME

grdgradient — Compute directional detive a gradient from 2-D grid file representing z(x,y)

SYNOPSIS

grdgradient in_grdfile —Gout_grdfile[ —Aazinf/azim3 ][ -D[c][o][n] ] [ —E[s|plazim/ele{/ambientdif-

fusdspecularshindg ] [ —Lflag][ =M ][ —N[€][t] [amA[/sigmd/offsel] ] [ —Sslopefile] [ -V ]
DESCRIPTION

grdgradient may be used to compute the directional\d#itie in a gven direction A), or the direction

(-=9) [and the magnitude-D)] of the vector gradient of the data.
Estimated values in the first/last row/column of output depend on boundary conditionk )see

in_grdfile

-G
OPTIONS

2-D grid file from which to compute directional detive.
Name of the output grid file for the directional detive.

No space between the option flag and the associated arguments.

-A

GMT4.2.1

Azimuthal direction for a directional deétive; azimis the angle in the x,y plane measured in
degrees positie dockwise from north (the +y direction)ward east (the +x direction)The neg-

ative d the directional devetive, —[dz/dx*sin(@zim) + dz/dy*cos@zin}], is found; ngation yields

positive values when the slope of z(x,y) is downhill in #&m direction, the correct sense for
shading the illumination of an image (greélimage andgrdview) by a light source abee the x,y

plane shining from thazimdirection. Optionallysupply two azimuths,—Aazim azim2 in which

case the gradients in each of these directions are calculated and the one larger in magnitude is
retained; this is useful for illuminating data with awdrections of lineated structures, e.g.
—A0/270illuminates from the north (top) and west (left).

Find the direction of the gradient of the data. By default, the directions are measured clockwise
from north, asazimin —A abore. Appendc to use cowentional Cartesian angles measured coun-
terclockwise from the posite x ast) direction.Appendo to report orientations (0-180) rather

than directions (0-360)Appendn to add 90 dgrees to all angles (e.g., torgiaientation of lin-

eated features).

Compute Lambertian radiance appropriate to use gritimage and grdview. The Lambertian
Reflection assumes an ideal surface that reflects all the light that strikes it andabe applears
equally bright from all viewing directionsazimand elevare the azimuth and etaion of light
vector. Optionally, supply ambient diffuse specular shimehich are parameters that control the
reflectance properties of the surface.dddtf values ared.55 0.6/0.4/10 To leave ©me of the al-
ues untouched, specify = as thevnalue. For example-E60/30/=/0.5 sets theazim ele anddif-
fuseto 60, 30 and 0.5 and ks the other reflectance parameters untouchgbends to use a
simpler Lambertian algorithm. Note that with this form you onlyehta provide the azimuth and
elevation parametersAppendp to use the Peucker pigise linear approximation (simpleub
faster algorithm; in this case tleimandelevare hardwired to 315 and 45giees. Thigneans
that even if you provide other values thevill be ignored.)

Boundary conditiorflag may bex or y or xy indicating data is periodic in range of x or y or both,
or flag may beg indicating geographical conditions (x and y are lon and [&gfault uses "natu-
ral" conditions (second partial degiive rormal to edge is zero).]

By default the units ofrdgradient are in units_of z/ units_of dx_and.dioweve, the user
may choose this option to ot dx,dy in degrees of longitude,latitude into meters, so that the
units ofgrdgradient are in z_units/meter.

Normalization. [Default: namormalization.] Theactual gradientg are offset and scaled to pro-
duce normalized gradientg with a maximum output magnitude afmp If ampis not gven,
defaultamp= 1. If offsetis not gven, it is set to thewerage ofg. —N yieldsgn=amp* (g - off-
se)/max(abs§

- offse}). —Ne normalizes using a cumule#i Laplace distribution yieldinggn = amp* (1.0 -
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exp(sqrt(2) * @ - offse)/ sigmg) wheresigmais estimated using the L1 norm of {offse} if itis
not given. —Nt normalizes using a cumubed¢i Caucty distribution yieldinggn= (2 * amp/ PI) *
atan( ¢ - offse)/ sigmg wheresigmais estimated using the L2 norm af { offse) if it is not
given.

-S Name of output grid file with scalar magnitudes of gradiestars. RequiresD.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

If you dont know what—N options to use to makan htensity file forgrdimage or grdview, a good first
try is —Ne0.6.

If you want to mak sveal illuminated maps of subregions of a large data set, and you need the illumina-
tion effects to be consistent across all the maps, useNtoption and supply the same values@fmaand
offsetto grdgradient for each map.A good guess isffset= 0 and sigmafound bygrdinfo -L2 or -L1
applied to an unnormalized gradient grd.

If you simply need the- or y-derivatives of the grid, usggrdmath.

EXAMPLES
To make a fie for illuminating the data in geoid.grd using exp- normalized gradients imitating light sources
in the north and west directions:

grdgradient geoid.grd-A0/270-Ggradients.grd-Ne0.6 -V
To find the azimuth orientations of seafloor fabric in the file topo.grd:

grdgradient topo.grd—Dno —Gazimuths.grd-V

REFERENCES
Horn, B.K.P, Hill-Shading and the Reflectance Map, Proceedings of the IEEE, Vol. 69, No. 1, January
1981, pp. 14-47. (http://people.csail.mit.edu/ bkph/papers/Hill-Shading.pdf)

SEE ALSO
GMT(1), gmtdefault§l), grdhisteql), grdimage(1), grdview(1), grdvector(1)
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NAME

grdhisteq — Histogram equalization for grid files
SYNOPSIS

grdhisteq in_grdfile[ —Gout_grdfile] [ -Cn_cells] [ -D ][ -N[norm] ][ -Q ][ -V ]
DESCRIPTION

grdhisteq allows the user to find the data values which dividevanggrid file into patches of equal area.
One common use afrdhisteq is in a kind of histogram equalization of an image. In this application, the
user might hee a gid of flat topograpi with a mountain in the middle. Ordinary gray shading of this file
(using grdimage/grdview) with a linear mapping from topogyaghgraytone will result in most of the
image being very dark grawith the mountain being almost white. One could gsgthisteq to write to
stdout an ASCII list of those datalues which divide the range of the data inteaellssegments, each of
which has an equal area in the imagising awk or makecptone can tad this output and build a cpt file;
using the cptfile with grdimage will result in an image with alele of gray occurring equallyAlterna-
tively, seegrd2cpt.

The second common use @fdhisteq is in writing a grid with statistics based on some kind of
cumulative dstribution function. In this application, the output has rekatiighs and lows in the same
(x,y) locations as the input file, but thalwes are changed to reflect their place in some cunaiuldgtribu-
tion. Oneexample would be to find the lowest 10% of the dafake a gid, run grdhisteq and mak a
grid usingn_cells= 10, and then contour the result to trace the 1 confbhis will enclose the lowest 10%
of the data, rgardless of their originalalues. Anotheexample is in equalizing the output gfdgradient.

For shading purposes it is desired that the date lsasnooth distribution, such as aggsian. Ifyou run

grdhisteq on output fromgrdgradient and mak a gid file output with the Gaussian option, you willviea
a gid whose values are distributed according taasgian distribution with zero mean and usitiance.
The locations of thesealues will correspond to the locations of the input; that is, the mgative autput

value will be in the (x,y) location of the mostgaive input value, and so on.

in_grdfile
2-D binary grid file to be equalized.

OPTIONS
No space between the option flag and the associated arguments.

-C Sets hav mary cells (or divisions) of data range to make.
-D Dump level information to standard output.
-G Name of output 2-D grid file. Used wittN only.

-N Gaussian output. Use withs to male an aitput grid with standard normal scoresppendnorm
to force the scores to fall in the <-1,+1> range [Default is standard normal scores].
-Q Use quadratic intensity scaling. [Default is linear].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

To find the height intervals that divide the file heights.grd into 16 divisions of equal area:
grdhisteq heights.grd-C16 -D > levds.d

To make the poorly distributed intensities in the file raw_intens.grd suitable for useyrdithage or grd-
view, run

grdhisteq raw_intens.grd-Gsmooth_intens.gredN -V

RESTRICTIONS
If you usegrdhisteq to male a qaussian output for gradient shadinggiimage or grdview, you should
be avare of the follaving: theoutput will be in the range [-X, x], where x is based on the number of data in
the input grid (nx * ny) and the cumubadi gaussian distribution function F(x). That is, let N = nxyt n
Then x will be adjusted so that F(x) = (N - 1 + 0.5)/N. Since about 68% of the values from a standard
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normal distribution fall within +/- 1, this will be true of the output grid. But if N is vergdait is possible

for x to be greater than 4Therefore, with thegrdimage program clipping gradients to the range [-1, 1],
you will get correct shading of 68% of your data, while 16% of them will be clipped to -1 and 16% of them
clipped to +1. If this makes too much of the image too light or too dark, you shoelth¢éadutput ofyrd-

histeq and rescale it usingrdmath and multiplying by something less than 1.0, to shrink the range of the
values, thus bringing more than 68% of the image into the range [-AltEfnatively, supply a normaliza-

tion factor with—N.

SEE ALSO
gmtdefaultél), GMT(1), grd2cpt(1), grdgradien{1), grdimage(1), grdmath(1), grdview(1), makecpfl)
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NAME
grdimage — Create grayshaded or colored image from a 2-D netCDF grid file

SYNOPSIS
grdimage grd_z | grd_r grd_g gd_b —Ccptfile —Jparameters[ —B[p|s|parameters] [ —Ei|dpi ] [
—G[flb]color 1 [ —lintensfilg [ -K ][ -M ][ -O]1[ -P ][ -Q ][ —Rwesteastsouthinorth[r] ] [
—-g-]b|c|lin[/threshold ] [ =T ][ —Ul/dx/dy/[labell ][ =V ][ —X[alc|r1[x-shiffu]] 1 [ =Y [alc|r][y-shif{u]] ]
[ —ccopies] [ —f[i|o]colinfo]

DESCRIPTION
grdimage reads one 2-D gridded file and produces a gray-shaded (or colored) map by plotting rectangles
centered on each grid node and assigning them a gray-shade (or color) based afuthe Zhernatiely,
grdimage reads three 2-D gridded files with the red, green, and blue components directly (all must be in
the 0-255 range). Optionallillumination may be added by providing a file with intensities in the (-1,+1)
range. \dlues outside this range will be clippe8uch intensity files can be created from the grid using
grdgradient and, optionallymodified bygrdmath or grdhisteq.
When using map projections, the grid is first resampled orwarewtangular grid with the same dimen-
sions. Higher resolution images can be optained by usingBEheption. T obtain the resampledalue
(and hence shade or color) of each maglpits location is imersely projected back onto the input grid
after which a value is interpolated between the surrounding inputajtidss By default bi-cubic interpola-
tion is used.Aliasing is aoided by also forward projecting the input grid nodes. b tw more nodes are
projected onto the same pixtheir aerage will dominate in the calculation of the pixel value. Interpolation
and aliasing is controlled with thes option.
The —R option can be used to select a map region larger or smaller than that implied by the extent of the
grid.
A (color) PostScriptfile is output.

grd_z|grd rgrd ggrd b
2-D gridded data set (or red, green, blue grids) to be imaged

-C name of the color palette table (fd_zonly).

-J Selects the map projection. Scale is UNIDtde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, appenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jjlon0O/scale(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)
—Jelon0/lat0/scalgEquidistant)
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—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/lat0/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
=JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—Jnlon0/scale(Robinson)
—JrlonO/scale(Winkel Tripel)
-JvlonO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

No space between the option flag and the associated arguments.

-B

-E

GMT4.2.1

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Sets the resolution of the projected grid that will be created if a map projection other than Linear
or Mercator was selected. By deft, the projected grid will be of the same size (rows and col-
umns) as the input fileSpecifyi to use thePostScriptimage operator to interpolate the image at

the device resolution.

This option only applies when the resulting image otherwise would consist of amlgotors:

black (0) and white (255). If so, this option will instead use the image as a transparent mask and
paint the mask (or its warse, with—Gb) with the gien color combination. (See SPECIFYING
COLOR below).

Gives the name of a grid file with intensities in the (-1,+1) range. [Default is no illumination].
More PostScriptcode will be appended later [Default terminates the plot system].

Force comwersion to monochrome image using the (television) YIQ transformation.

Selects Overlay plot mode [Default initializes avrot system].

Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

Mask out nodes with z = NaN using the colormasking featuRestScriptLevel 3 (the PS deice
must support PS lvel 3).

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
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TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). You may ask for a lgerw/e/s/nregion to hae nore room between
the image and the ag. Asmaller rgion than specified in the grid file will result in a subset of the
grid [Default is the region gen by the grid file].

-S Select the interpolation mode by addmépr B-spline smoothingg for bicubic interpolationl, for
bilinear interpolation, om for nearest-neighbor value (for example to plot gatieal data).
Optionally, prepend- to switch of antialiasing. Addthresholdto control hav close to nodes with
NaNs the interpolation will goA thresholdof 1.0 requires all (4 or 16) nodewva@tved in interpo-
lation to be non-NaN. 0.5 will interpolate about ha#fywfrom a non-NaN value; 0.1 will go about
90% of the wayetc. [Default is bicubic interpolation with antialiasing and a threshold of 0.5].

-T This option has become OBSOLETE. Ugelview —T instead. Use-Snto plot neameighbor
values only (use-E to increase the resolution)Jse-Sn —Qto obtain something similar to the
old option—Ts. The option-To is no longer supported.

-U Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page

size.
—-C Specifies the number of plot copies. [Default is 1].
—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to

male this apply only to input or output [Deilt applies to both]Give zme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

EXAMPLES
To gray-shade the file haii_grav.grd with shades gen in shades.cpt on a Lambert map at 1.5 cigvde
along the standard parallels 18 and 24, and using 1 degree tickmarks:
grdimage hawaii_grav.grd—JI118/24/1.% —Cshades.cptB1 > hawdi_grav_image.ps
To aeate an illuminated coldPostScriptplot of the gridded data set image.grd, using the intensities pro-
vided by the file intens.grd, and colovéks in the file colors.cpt, with linear scaling at 10 inch/x-unit, tick-
marks &ery 5 units:

grdimage image.grd-Jx10i —Ccolors.cpt-lintens.grd-B5 > image.ps

To aeate an false coldPostScriptplot from the three gridded files red.grd, green.grd, and blue.grd, with
linear scaling at 10 inch/x-unit, tickmarkgeey 5 units:

grdimagered.grd green.grd blue.grdlx10i —B5 > rghimage.ps
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SEE ALSO
GMT(1), gmt2rgk(1), grdcontour(1), grdview(1), grdgradien(1), grdhisteq1)

GMT4.2.1 100ct 2007 4



GRDINFO(1) GeneridMapping Tools GRDINFO(1)

NAME

grdinfo — Get information about the contents of a 2-D grid file
SYNOPSIS

grdinfo grdfiles[ ~C ][ —=F ][ —I[d{/dy]] ][ -L[1]2] ][ -M ][ =Tdz][ -V ][ —f[ilo]colinfo]
DESCRIPTION

grdinfo reads a 2-D binary grid file and reports various statistics foxtlg data in the grid file(s).The
output information contains the minimum/maximualues forx, y, and z, where the min/max of occur,
the x- and y-increments, and the numberx&ndy nodes, and [optionally] the mean, standardiat®n,
and/or the median, L1 scalenfand number of nodes set to NaN.

grdfile The name of one orwaral 2-D grid files.

OPTIONS
No space between the option flag and the associated arguments.

-C Formats the report using tab-separated fields on a single line. The outpatis z0 z1 dx dyxn
ny[ x0 yO x1 yJ [ med scald [ mean std rnjgn_nar]. Thedata in brackets are output only if
the corresponding optiorsv, -L1, -L2, and —M are used, respeedly. If the—I option is used,
the output format is insteddF w e s n z0 zIvhereNF is the total number of grids read anck s
n are rounded é{see-1).

-F Report grid domain and x/y-increments in world mapping format [Default is generic]. Does not
apply to the-C option.

= Report the min/max of the g®n to the nearest multiple dk anddy, and output this in the form
—Rw/e/s/n(unless-C is set). To report the actual grid region, seledt. If no agument is gien
then we report the grid increment in the forixinc/yinc

-L1 Report median and L1 scale of z (L1 scale = 1.4826 * Median Absolute Deviation (MAD)).
-L2 Report mean, standard deviation, and rms of z.

-M Find and report the location of min/max z-values, and count and report the number of nodes set to
NaN, if ary.

-T Determine min and max z-value, round t§ multiples of dz and report as the text string
—Tzmin/zmax/dfor use bymakecpt

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to

male this apply only to input or output [Deilt applies to both]Give zme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

EXAMPLES
To abtain all the information about the data set in filevdia topo.grd:

grdinfo -L1 -L2 -M hawaii_topo.grd

SEE ALSO
GMT(21), grd2cpt(1), grd2xy41), grdedit(1)
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NAME
grdlandmask - Create "wet-dry" mask grid file from shoreline data base.

SYNOPSIS
grdlandmask —-Gmask _grd_file -Ixindunif][=|+][/yindunif][=|+]] —Rwesteastsouttnorth[r] [
—Amin_ared/min_level/max_levg] [ —Dresolution] [ -F ][ —~Nmaskvalud®] ][ -V ]

DESCRIPTION
grdlandmask reads the selected shoreline database and uses that information to decide which nodes in the
specified grid arevar land or @er water The nodes defined by the selected region and lattice spacing will
be set according to one ofdveriteria: (1) land vs \ater or (2) the more detailed (hierarchical) ocean vs
land vs lake vs sland vs pond.The resulting mask may be used in subsequent operatiomtgirig grd-
math to mask out data from land [or water] areas.

-G Name of resulting output mask grid file.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respeaaly, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/aeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

OPTIONS
-A Features with an area smaller tham_areain km™2 or of hierarchical il that is lower than

min_levelor higher thairmax_levelill be ignored [Deault is 0/4 (all features)]. SeeADABASE
INFORMATION in thepscoastman-pages for more details.

-D Selects the resolution of the data set to uBall((h)igh, ()ntermediate,lfow, or (c)rude). The
resolution drops dby "80% between data sets. [Raft isl]. Notethat because the coastlines dif-
fer in details a node in a mask file using one resolution is not guaranteed to remain inside [or out-
side] when a different resolution is selected.

-F Force pixel rgistration. [Deéult is grid registration].

-N Sets the values that will be assigned to nodétues can be gnnumber including the tetstring
NaN. Appendo to let nodes exactly on feature boundaries be considered outside [Default is
inside]. Specifythis information using 1 of 2 formats:
—Nwet/dry.
—Nocean/land/lake/island/pond
[Default is 0/1/0/1/0 (i.e., 0/1)].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To st all nodes on land to NaN, and nodeer evater to 1, using the high resolution data set, do

grdlandmask —R-60/-40/-40/-30-Dh —-15m -N1/NaN-Gland_mask.grd-V

To make a X1 degree global grid with the hierarchicaldis of the nodes based on th&leesolution data:
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grdlandmask —R0/360/-90/90-DI -I1 —-N0/1/2/3/4-Glevels.grd-V

SEE ALSO
GMT(2), grdmath1), grdclip(1), psmaskl), psclip(1), pscoasfl)
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NAME
grdmask — Create mask grid files from xy paths.

SYNOPSIS
grdmask pathfiles —Gmask_grd_file —Ixindunit][=|+][/yindunif][=|+]] —Rwesteastsouthnorthr] [
=A[m|p] 1[ =F 11 —HJillnred ] [ —-M[flag] ] [ —Nout/edge/in] [ —Sseach radiugm|c|k|K] 1[ -V ][
=:[ilo] ][ —bi[s|S|d|D][ncol] ][ —fcolinfo]

DESCRIPTION
grdmask can operate in tadifferent modes. 1. It reads one or more xy-files that each define a closed poly-
gon. Thenodes defined by the specified region and lattice spacing will be set equal to one of three possible
vaues depending on whether the node is outside, on the polygon periongteside the polygon.The
resulting mask may be used in subsequent operativolsimg grdmath to mask out data from polygonal
areas. 2. The xy-files simply represent data point locations and the mask is set to the inside oalugside v
depending on whether a node is within a maximum distance from the nearest data point. If the distance
specified is zero then only the nodes nearest each data point are considered "inside".

pathfiles
The name of 1 or more ASCII [or binasee—b] files holding the polygon(s) or data points.

-G Name of resulting output mask grid file.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaaly, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal ¥0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrtbmber of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/aeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

OPTIONS
-A If the input data are geographic (as indicatee-bythen the sides in the polygons will be approxi-
mated by great circle arcs. When using t#esides will be rgarded as straight linesAlterna-
tively, appendm to have sdes first follav meridians, then parallels. Or appendo first follow
parallels, then meridians.

-F Force pixel registration. [Default is grid registration].

-H Input file(s) has Header record(s). Number of header records can be changed by editing
your .gmtdefaults4 file. If used, GMT default is 1 header record. Use —Hi if only input
data should have header records [Default will write out header records if the input data
have them]. Blank lines and lines starting with # are always skipped.
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EXAMPLES

GeneridMapping Tools GRDMASK(1)

Multiple segment file. Segments are separated by a record whose first character is flag.
[Default is ">'].

Sets the values that will be assigned to nodes that are outside the polygons, on the edge, or
inside. Values can be any number, including the textstring NaN [Default is 0/0/1].

Set nodes depending on their distance from the nearest data point. Nodes within radius
[0] from a data point are considered inside. Append m to indicate minutes or ¢ to indi-
cate seconds. Append k to indicate km (implies —R and -I are in degrees, and we will
use a fast flat Earth approximation to calculate distance). For more accuracy, use upper-
case K if distances should be calculated along geodesics. However, if the current ELLIP-
SOID is set to Sphere then spherical great circle calculations are used.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Selects binary input. Append s for single precision [Default is d (double)]. Uppercase S
or D will force byte-swapping. Optionally, append ncol, the number of columns in your
binary input file if it exceeds the columns needed by the program. [Default is 2 input col-
umns].

Special formatting of input and/or output columns (time or geographical data). Specify i
or o to make this apply only to input or output [Default applies to both]. Give one or
more columns (or column ranges) separated by commas. Append T (Absolute calendar
time), t (time relative to chosen TIME_EPOCH), x (longitude), y (latitude), or £ (floating
point) to each column or column range item. Shorthand —f[ilo]g means —f[ilo0]0x,1y
(geographic coordinates).

To set all nodes inside and on the polygons coastline_*.xy to 0, and outside points to 1, do

grdmask coastline_*.xy —R-60/-40/-40/-30 -I5m —-N1/0/0 —-Gland_mask.grd -V

To set nodes within 50 km of data points to 1 and other nodes to NaN, do

grdmask data.xyz —R-60/-40/-40/-30 —-I5m —NNaN/1/1 -S50k —Gdata_mask.grd -V

SEE ALSO

GMT(1), grdlandmask (1), grdmath(1), grdclip(1), psmask(1), psclip(1)
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NAME
grdmath — Reerse Polish Notation calculator for grid files

SYNOPSIS
grdmath [ =F ] [ =Ixindunit][=[+][/yindunit][=]+]] 1 [ =M ][ =N ][ —Rwesteastsouttinorth[r] ][ -V ]|
—bi[s|S|d|D][ncol ] [ —fcolinfo] operand[ operand] OPERATOR [ operand] OPERATOR ... = outgrd-
file

DESCRIPTION
grdmath will perform operations lik add, subtract, multiplyand divide on one or more grid files or con-
stants using Rerse Polish Notation (RPN) syntax (e.g.,wWHiett-Packard calculatestyle). Arbitrarily
complicated epressions may therefore beakeiated; the final result is written to an output grid f\®hen
two grids are on the stack, each element in file A is modified by the corresponding element irHiile-B.
evea, some operators only require one operand (seeMeldf no grid files are used in the expression then
options—-R, —I must be set (and optionalyF). Theexpression= outgrdfilecan occur as martimes as the
depth of the stack allows.

operand
If operandcan be opened as a file it will be read as a grid fil@ot a file, it is interpreted as a
numerical constant or a special symbol (see below).

outgrdfile
The name of a 2-D grid file that will hold the final result.

OPERATORS
Choose among the following 142 operators. "args" are the number of input and output arguments.

Operatorags  Returns

ABS 11 s (A).

ACOS 11 aos (A).
ACOSH 11 aosh (A).
ACOT 11 aot (A).
ACSC 11 asc (A).
ADD 21 A+B.

AND 21 NaN if A and B == NaN, B if A == NaN, else A.
ASEC 11 &ec (A).
ASIN 11 ain (A).
ASINH 11 ainh (A).
ATAN 11 aan (A).
ATAN2 21 aan2 (A, B).
ATANH 11 aanh (A).

BEI 11  tei(A).
BER 11  ber(A).

CAz 21 Cartesian azimuth from grid nodes to stack x,y.

CBAz 21 Cartesian backazimuth from grid nodes to stack x,y.

CDIST 21 Cartesian distance between grid nodes and stack x,y.

CEIL 11 il (A) (smallest integer >= A).

CHICRIT 21 Qritical value for chi-squared-distribution, with alpha = A and n = B.
CHIDIST 21 chi-squared-distribution P(chi2,n), with chi2 = A and n = B.

CORRCOEFF 21 Gorrelation coefficient r(A, B).
Cos 11 @s (A) (A in radians).

COsD 11 @s (A) (A in degrees).

COSH 11 ash (A).

CcoT 11 ot (A) (A in radians).

COTD 11 ot (A) (A in degrees).

CPOISS 21 Qumulative Roisson distribution F(x,lambda), with x = A and lambda =
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B.

csC 11 cc (A) (Ain radians).

CSCD 11 cc (A) (A in degrees).
CURV 11 Qurvature of A (Laplacian).
D2DX2 11 d2(A)/dx"2 2nd denative.
D2DXY 11 d2(A)/dxdy 2nd dewative.
D2DY2 11 d2(A)/dy"2 2nd derative.
D2R 11 Qonverts Degrees to Radians.
DDX 11 dA)/dx 1st denative.
DDY 11 dA)/dy 1st denative.
DILOG 11 dlog (A).

DIV 21 A/B.

DUP 12 Races duplicate of A on the stack.
EQ 21 1fA==B,else 0.

ERF 11 Eror function erf (A).

ERFC 11 Gomplementary Error function erfc (A).
ERFINV 11 Inverse error function of A.
EXCH 22 Exchanges A and B on the stack.

EXP 11 exp (A).
EXTREMA 11 Local Extrema: +2/-2 is max/min, +1/-1 is saddle with max/min in x, O

elsewhere.

FACT 11 Al (A factorial).

FCRIT 31 Qritical value for F-distribution, with alpha = A, n1 =B, and n2 = C.
FDIST 31 Fdistribution Q(F,n1,n2), with F = A, n1 =B, and n2 = C.

FLIPLR 11 Revease order of values in eachwo

FLIPUD 11 Revease order of values in each column.

FLOOR 11 floor (A) (greatest integer <= A).

FMOD 21 A % B (remainder).

GE 21 1fA>=B,else 0.
GT 21 1fA>B,else 0.

HYPOT 21 hypot (A, B) = sqrt (A*A + B*B).
10 11 Modified Bessel function of A (1st kind, order 0).
11 11 Modified Bessel function of A (1st kind, order 1).

IN 21 Modified Bessel function of A (1st kind, order B).
INRANGE 31 1lfB<=A<=C,dseO0.

INSIDE 11 1 when inside or on polygon(s) in A, else 0.
INV 11 1/A
ISNAN 11 1ifA==NaN, else 0.

JO 11 Bessel function of A (1st kind, order 0).

J1 11 Bessel function of A (1st kind, order 1).

JN 21 Bessel function of A (1st kind, order B).

KO 11 Modified Kelvin function of A (2nd kind, order 0).
K1 11 Modified Bessel function of A (2nd kind, order 1).
KEI 11 kei (A).

KER 11 ker (A).

KN 21 Modified Bessel function of A (2nd kind, order B).

KURT 11 Kurtosis of A.

LDIST 11 Gompute distance from lines in multi-segment ASCII file A.
LE 21 1fA<=B,else 0.

LMSSCL 11 LMS scale estimate (LMS STD) of A.

LOG 11 log (A) (natural log).

LOG10 11 log10 (A) (base 10).

LOG1P 11 log (1+A) (accurate for small A).

LOG2 11 log2 (A) (base 2).
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LOWER 11 The lowest (minimum) value of A.

LRAND 21 Laplace random noise with mean A and std. deviation B.
LT 21 1fA<B,elseO.

MAD 11 Median Absolute Deviation (L1 STD) of A.

MAX 21 Maximum of A and B.

MEAN 11 Mean value of A.

MED 11 Median value of A.

MIN 21 Minimum of A and B.

MODE 11 Mode value (Least Median of Squares) of A.

MUL 21 A *B.

NAN 21 NaN if A == B, else A.

NEG 11 A.

NEQ 21 1ifA!=B,elseO.

NRAND 21 Normal, random values with mean A and std. deviation B.
OR 21 NaN if A or B == NaN, else A.

PDIST 11 Gompute distance from points in ASCII file A.

PLM 31 Associated Legendre polynomial P(A) degree B order C.
PLMg 31 Normalized associated Legendre polynomial P(A) degree B order C

(geophysical corention).

POP 10 Delete top element from the stack.

POW 21 A" B.

PQUANT 21 The B’th Quantile (0-100%) of A.

PSI 11 Psi (or Digamma) of A.

PV 31 Legendre function Pv(A) of degree v = real(B) + imag(C).
Qv 31 Legendre function Qv(A) of degree v = real(B) + imag(C).
R2 21 RR=A"2+B™2.

R2D 11 Gonvert Radians to Degrees.

RAND 21 Uniform random values between A and B.

RINT 11 fint (A) (nearest integer).

ROTX 21 Rotate A by the (constant) shift B in x-direction.

ROTY 21 Rotate A by the (constant) shift B in y-direction.

SAZ 21 Sherical azimuth from grid nodes to stack x,y.

SBAZ 21 herical backazimuth from grid nodes to stack x,y.

SDIST 21 Sherical (Great circle) distance (in degrees) between grid nodes and

stack lon,lat (A, B).
SEC 11 £c (A) (A in radians).

SECD 11 £c (A) (A in degrees).

SIGN 11 sgn (+1 or -1) of A.

SIN 11 sn (A) (A in radians).

SINC 11 snc (A) (sin (pi*A)/(pi*A)).

SIND 11 sn (A) (A in degrees).

SINH 11 snh (A).

SKEW 11 Kewness of A.

SQRT 11 qrt (A).

STb 11 Sandard deviation of A.

STEP 11 Heaviside step function: H(A).
STEPX 11 Heaviside step function in x: H(x-A).
STEPY 11 Heaviside step function in y: H(y-A).

SuB 21 A-B.
TAN 11 fan (A) (A in radians).

TAND 11 fan (A) (A in degrees).

TANH 11 anh (A).

TCRIT 21 Qritical value for Studend' t-distribution, with alpha = A and n = B.
TDIST 21 Sudents tdistribution A(t,n), witht = A, and n = B.
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TN 21 Chebyshe polynomial Tn(-1<t<+1,n), witht = A, and n = B.

UPPER 11 The highest (maximum) value of A.

XOR 21 B if A== NaN, else A.

YO 11 Bessel function of A (2nd kind, order 0).

Y1l 11 Bessel function of A (2nd kind, order 1).

YLM 22 Re and Im orthonormalized spherical harmonics degree A order B.
YLMg 22 Gos and Sin normalized spherical harmonicgrele A order B (geo-
physical comention).

YN 21 Bessel function of A (2nd kind, order B).

ZCRIT 11 Qritical value for the normal-distribution, with alpha = A.

ZDIST 11 Qumulative rormal-distribution C(x), with x = A.
SYMBOLS

The following symbols hae gecial meaning:

PI 3.1415926...

E 2.7182818...

X Grid with x-coordinates

Y Grid with y-coordinates

Xn Grid with normalized [-1 to +1] x-coordinates

Yn Grid with normalized [-1 to +1] y-coordinates

OPTIONS
-F Select pixel registration (used wittR, —1). [Default is grid registration].

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaay, and will be cowerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal ¥ inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrtbmber of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/aeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-M By default ay derivatives calculated are in z_units/ x(or y)_unitslowever, the user may choose
this option to cowert dx,dy in degrees of longitude,latitude into meters using a falt Earth approxi-
mation, so that gradients are in z_units/meter.

-N Turn off strict domain match checking when multiple grids are manipulated [Default will insist
that each grid domain is within 1e-4 * grid_spacing of the domain of the first grid listed].

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).
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-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to bot&jive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[i|o]g means-f[i|o]0x,1ly (geographic coordinates).

NOTES ON OPERATORS
(1) The operatoBDIST calculates spherical distances between the (lon, lat) point on the stack and all node
positions in the grid. The grid domain and the (lon, lat) point are expected to lygéesleSimilarlythe
SAZ and SBAZ operators calculate spherical azimuth and backazimuths in degrees, velgpeldtite: If
the currenELLIPSOID is not Sphere then geodesics are used in the calculations.

(2) The operatoPLM calculates the associated Legendre polynomial gfedel. and order M (0 <= M <=
L), and its argument is the sine of the latitu®.M is not normalized and includes the Condon-Shprtle
phase (-1)"M.PLMg is normalized in the way that is most commonly used in gesiphr TheC-S phase
can be added by using -M agjament. PLM will overflow at higher degrees, where&_Mg is stable
until ultra high degrees (at least 3000).

(3) The operator¥LM andYLMg calculate normalized spherical harmonics for degree L and order M (0
<=M <= L) for all positions in the grid, which is assumed to be greks. YLM andYLMg return two
grids, the real (cosine) and imaginary (sine) component of the cosghlerical harmonic. Use tHeOP
operator (andEXCH) to get rid of one of them, or sa both by giving two consequtie = fie.grd calls.

The orthonormalized compléharmonicsYLM are most commonly used in physics and seismolddpe
square ofYLM integrates to 1 wer a sphere. IngeophysicsYLMg is normalized to produce unit wer
when aeraging the cosine and sine terms (separatelyd) @ phere (i.e. their squares each integrate to 4
pi). TheCondon-Shorthe phase (-1)"M is not included MLM or YLMg, but it can be added by using -M

as argument.

(4) All the dervatives ae based on central finite differences, with natural boundary conditions.

(5) Files that hae the same names as some operators, &), SIGN, =, etc. should be identified by
prepending the current directory (i.e., ./LOG).

(6) Piping of files is not allowed.
(7) The stack depth limit is hard-wired to 100.

(8) All functions expecting a posré radius (e.g.LOG, KEI, etc.) are passed the absolute value of their
argument.

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create gridded files will internally hold
the grids in 4-byte floating point arrays. This is done to coeseemory and futhermore most if not all
real data can be stored using 4-byte floating pahtes. Datavith higher precision (i.e., double precision
values) will loose that precision once GMT operates on the grid or writes wugritss. To limit loss of
precision when processing data you shoulehgd consider normalizing the data prior to processing.

EXAMPLES
To take log10 of the @erage of 2 files, use

grdmath filel.grd file2.grdADD 0.5MUL LOG10 = file3.grd

Given the file ages.grd, which holds seafloor ages in,mse the relation depth(in m) = 2500 + 350 * sqrt
(age) to estimate normal seafloor depths:
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grdmath ages.grdSQRT 350MUL 2500ADD = depths.grd

To find the angle a (in degrees) of the largest principal stress from the stress teamsby die three files
s_xx.grd s_yy.grd, and s_xy.grd from the relation tan (2*a) =2 * s_xy / (S_xX - S_yy), use

grdmath 2 s xy.grdMUL s_xx.grd s_yy.gréUB DIV ATAN2 2 DIV = direction.grd

To calculate the fully normalized spherical harmonic of degree 8 and order 4 on a 1 by 1 degree world map,
using the real amplitude 0.4 and the imaginary amplitude 1.1:

grdmath —R0/360/-90/90-11 8 4YML 1.1MUL EXCH 0.4MUL ADD = harm.grd
To extract the locations of local maxima that exceed 100 mGal in the file faa.grd:

grdmath faa.grdDUP EXTREMA 2 EQ MUL DUP 100GT MUL ONAN = z.grd
grd2xyz z.grd—S > max.xyz

REFERENCES
Abramawitz, M., and I. A. Stgun, 1964,Handbook of Mathematical FunctignApplied Mathematics
Series, vol. 55, Deer, New York.
Holmes, S. A., and WE. Featherstone, 2002, A unified approach to the Clemsummation and the
recursve omputation of very high degree and order normalised associated Legendre funlgional of
Geodesy76, 279-299.
Press, WH., S.A. Teukolsk, W. T. Vetterling, and B. FFlannery 1992, Numerical Recipend edition,
Cambridge Uni., New York.
SpanierJ.,, and K. B. Oldman, 1982An Atlas of FunctiondHemisphere Publishing Corp.

SEE ALSO
GMT(1), gmtmattfl), grd2xy41), grdedit(1), grdinfo(1), xyz2grd1)
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NAME
grdpaste — Paste together twged files along a common edge.

SYNOPSIS
grdpastefile_a.gd file_b.grd—Goutfile.grd[ -V ]

DESCRIPTION
grdpaste will combinefile_a.grdandfile_b.grdinto outfile.grdby pasting them together along their com-
mon edge.Filesfile_a.grdandfile_b.grdmust hae the same dx, dy and y&ome edge in common. If in
doubt, check witlgrdinfo and usegrdcut and/orgrdsampleif necessary to prepare the edge joint.

file_a.grd
One of tvo files to be pasted together.
file_b.grd
The other of tw files to be pasted together.
—Goutfile.grd
The name for the combined output.
OPTIONS
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

Suppose file_a.grd is 150E - 180E and 0 - 30N, and fged is 150E - 180E, -30S - 0, then you can enak
outfile.grd which will be 150 - 180 and -30S - 30N by:

grdpastefile_a.grd file_b.grd-Goutfile.grd-V

SEE ALSO
GMT(2), grdcut(1), grdinfo(1), grdsampl¢l)
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NAME
grdproject — Forward and\erse map transformation of 2-D grid files

SYNOPSIS
grdproject in_grdfile —-Gout_grdfile —-Jparameters [ -A[kim|nlilcljpgl ] [ -Cldx/dy] 1 [
~Dxindunit][=[+][/yindunit][=[+]] ] [ -Edpi ] [ -F ] [ =1 ] [ -Mclijmlp ] [ -Nnx/ny ] [
—Rwesteastsouthinorth[r] 1 [ —S-]b|c|l|n[/threshold ][ -V ]

DESCRIPTION
grdproject will do one of tw things depending whethet has been setf set, it will transform a gridded
data set from a rectangular coordinate system onto a geographical system by resampling the surface at the
new nodes. Ifnot set, it will project a geographical gridded data set onto a rectangulaifgrattain the
value at each ne node, its location is wersely projected back onto the input grid after which a value is
interpolated between the surrounding input grid values. By default bi-cubic interpolation isAliasthg
is avoided by also forward projecting the input grid nodes. 16 v more nodes are projected onto the
same ne& node, their gerage will dominate in the calculation of thewneode value. Interpolation and
aliasing is controlled with theS option. Thenew node spacing may be determined in one véis ways
by specifying the grid spacing, number of nodes, or resolution. Nodes not constrained by input data are set
to NaN.
The —R option can be used to select a map region larger or smaller than that implied ktetihekthe
grid file.

in_grdfile
2-D binary grid file to be transformed.

-G Specify the name of the output netCDF grid file.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, appgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

=Jjlon0/scale(Miller)

-Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal€Oblique Mercator - point and azimuth)
—Joblon0/lat0/lonl/latl/scal€Oblique Mercator - tw points)
—Jodon0/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—-Jelon0/latO/scalg Equidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalg(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)
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OPTIONS

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=Jllon0O/lat0/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
—JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
—JrlonO/scale(Winkel Tripel)
—-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

No space between the option flag and the associated arguments.

-A

GMT4.2.1

Force 1:1 scaling, i.e., output (or input, selg data are in actual projected mete® ecify
other units, appenkl (km), m (mile),n (nautical mile); (inch),c (cm), orp (points). Wthout-A,
the output (or input, sed) are in the units specified BWWEASURE_UNIT (but see-M).

Let projected coordinates be relatito projection center [Default is relag o lower left corner].
Optionally, add ofsets in the projected units to be added (or subtracted whisnset) to (from)
the projected coordinates, such as false eastings and northings for particular projection zones [0/0].

Set the grid spacing for thew@rid. Appendm for minutesc for seconds.
Set the resolution for the wegrid in dots per inch.

Toggle between pixel and gridline registration [Default is same as input].
Do the lverse transformation, from rectangular to geographical.

Appendc, i, or m to indicate that cm, inch, or meter should be the projected measure uaitlfDef
is set byMEASURE_UNIT in .gmtde&ults4]. Cannobe used with-A.

Set the number of grid nodes in thevwrggid.

xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). You may ask to project only a subset of the grid by specifying a
smaller inputw/e/s/nregion [Default is the regiongn by the grid file].

Select the interpolation mode by addmépr B-spline smoothingg for bicubic interpolationl, for
bilinear interpolation, om for nearest-neighbor value (for example to plot gatieal data).
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Optionally, prepend- to switch of antialiasing. Addthresholdto control hav close to nodes with
NaNs the interpolation will goA thresholdof 1.0 requires all (4 or 16) nodewsatved in interpo-
lation to be non-NaN. 0.5 will interpolate about ha#fywfrom a non-NaN value; 0.1 will go about
90% of the wayetc. [Default is bicubic interpolation with antialiasing and a threshold of 0.5].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To transform the geographical grid dbdb5.grd onto a pixel Mercator grid at 300 dpi, run

grdproject dbdb5.grd-R20/50/12/25-Jm0.25 -E300-F —-Gdbdb5_merc.grd
To inversely transform the file topo_tm.grd back onto a geographical grid, use
grdproject topo_tm.grd-R-80/-70/20/40-Jt-75/1:500006-1 -D5m -V —-Gtopo.grd

This assumes, of course, that the coordinates in topo_tm.grd were created with the same projection parame-
ters.

To invesely transform the file topo_utm.grd (which is in UTM meters) back to a geographical grid we
specify a one-to-one mapping with meter as the measure unit:

grdproject topo_utm.grd-R203/205/60/65-Ju5/1:1 -1 -Mm -V -G topo.grd

RESTRICTIONS
The boundaries of a projected (rectangular) data set will not necessaeélyegiangular geographical
boundaries (Mercator is ongaeption). Inthose cases some nodes may be unconstrained (set to NaN).
get a full grid back, your input grid mayJeaio cover a larger area than you are interrested in.

SEE ALSO
GMT(1), gmtdefault§l), mapprojectl)
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NAME
grdreformat — Coverting between different grid file formats.

SYNOPSIS
grdreformat ingrdfile[=id[/scale/offsg{NaNvalug]] outgrdfild=id[/scale/offsgfNaNvalug]] [ -N ] [
—Rwesteastsouthinorth[r] ][ —f[ilo]colinfo] [ =V ]

DESCRIPTION
grdreformat reads a grid file in one format and writes it out using another format. As an option the user
may select a subset of the data to be written and to specify scaling, translation, and NaN-value.

ingrdfile
The grid file to be read. Append formati=ode if not a standard COARDS-compliant netCDF
grid file. If =id is set (see below), you may optionally appsodleandoffset These options will
scale the data and then offset them with the specified amounts after reading.
If scaleandoffsetare supplied you may also append a value that represents 'Not-a-Number’ (for
floating-point grids this is unnecessary since the IEEE NaN is usedydrantegers need aalue
which means no dataailable.)

outgrdfile
The grid file to be writtenAppend format # code if not a standard COARDS-compliant netCDF
grid file. If =id is set (see below), you may optionally appsendleandoffset These options are
particularly practical when storing the data as integers, firstviag@n offset and then scaling
down the alues. Sincdéhe scale and offset are applied inarse order when reading, this does
not affect the data values (except for round-offs).
If scaleandoffsetare supplied you may also append a value that represents 'Not-a-Number’ (for
floating-point grids this is unnecessary since the IEEE NaN is usedydrantegers need aalue
which means no dataailable.)

OPTIONS
-N Suppress the writing of tt@MT header structure. This is useful when you want to write aenati
grid to be used bgrdraster. It only applies to natie gids and is ignored for netCDF output.

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—-Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-]lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicatesvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give amme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

FORMAT IDENTIFIER
By default, grids will be written as floating point data stored in binary files using the netCDF format and
meta-data structure. This format is conform the COARDSeations. GMT versions prior to 4.1 pro-
duced netCDF files that did not conform to theseveations. Although these files are still supported, their
use is depreciatedorite other than floating point COARDS-compliant netCDF files, appendidhsuf
fix to the filenameutgrdfile
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When reading filesgrdreformat and otherGMT programs will automatically recognize yatype of
netCDF grid file. These can be in either COARDS-compliant or pre-4.1 format, and contain floating-point
or integer data.dread other types of grid files, append tle suffix to the filenaméngrdfile.

id GMT 4 netCDF standad formats

nb GMT netCDF format (byte) (COARDS-compliant)
ns GMTnetCDF format (short) (COARDS-compliant)
ni GMT netCDF format (integer) (COARDS-compliant)
nf GMT netCDF format (float) (COARDS-compliant)
nd GMT netCDF format (double) (COARDS-compliant)
id GMT 3 netCDF legacy formats

cb GMT netCDF format (byte) (depreciated)

cs GMTnetCDF format (short) (depreciated)

ci GMT netCDF format (integer) (depreciated)

cf GMT netCDF format (float) (depreciated)

cd GMT netCDF format (double) (depreciated)

id GMT native binary formats

bm GMT native, C-binary format (bit-mask)
bb GMT native, C-binary format (byte)

bs GMTnative, C-binary format (short)

bi GMT native, C-binary format (integer)

bf GMT native, C-binary format (float)

bd GMT native, C-binary format (double)

id Miscellaneousormats

rb SUNrasterfile format (8-bit standard)

rf GEODAS grid format GRD98 (NGDC)

sf GoldenSoftware Surfer format 6 (float)

sd Goldersoftware Surfer format 7 (double, read-only)
af Atlantic Geoscience Center format AGC (float)

GMT STANDARD NETCDF FILES
The standard format used for gdrfiles is based on netCDF and conforms to the COAR®8am Files
written in this format can be read by numerous third-party programs and are platform-independent. Some
disk-space can bes by doring the data as bytes or shorts in stead ofjere Use thecaleandoffset
parameters to makthis work without loss of data range or significance. For more details, see Appendix B.

Multi-variable grid files

By default, GMT programs will read the first 2-dimensional grid contained in &ARRS-compliant
netCDF file. Alternatively, use ingrdfile?varname (ahead of ay optional sufix =id) to secify the
requested ariablevarname Since? has special meaning as a wildcard, escape this meaning by placing the
full filename and suffix between quotes.

Multi-dimensional grids

To extract onelayer or level from a 3-dimensional grid stored in a COARDS-compliant netCDF file,
append both the name of the variable and thexiaggociated with the layer (starting at zero) in the form:
ingrdfile?varnamélayer]. Alternatvely, specify the value associated with that layer using parentheses in
stead of bracket#ngridfile?varnaméleve)).

In a similar way layers can be extracted from 4-vené-dimensional grids. For example, if a grid has the
dimensions (parametetime, depth, latitude, longitude), a map can be selected by usgridfile?var-
naméparameter,time,depjh

Since question marks, brak and parenthesesveapecial meanings on the command line, escape these
meanings by placing the full flename and suffix between quotes.
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NATIVE BINAR Y FILES
For binary natve GMT files the size of th&MT grdheader block iksize= 892 bytes, and the total size of
the file ishsize+ nx* ny * item_size whereitem_sizes the size in bytes of each element (1, 2, Bi%.
grids are stored using 4-byte ig&gs, each holding 32 bits, so for these files the size equation is modified
by using ceil (ix/ 32) * 4 instead ohx. Note that these files are platform-dependent. Files written on Little
Endian machines (e.g. PCs) can not be read on Big Endian machines (e.gorkstitians). Alsmote
that it is not possible faBMT to determine uniquely if a 4-byte grid is float or int; in such cases it is best
to use thesID mechanism to specify the file formdor header and grid details, see Appendix B.

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create gridded files will internally hold
the grids in 4-byte floating point arrays. This is done to coeseemory and futhermore most if not all
real data can be stored using 4-byte floating pahtes. Datavith higher precision (i.e., double precision
values) will loose that precision once GMT operates on the grid or writes wugritss. To limit loss of
precision when processing data you shoulehgd consider normalizing the data prior to processing.

EXAMPLES
To extract the second layer from a 3-dimensional grid named temp from a COARDS-compliant netCDF file
climate.grd:
grdreformat climate.grd?temp[1] temp.gr¥
To areate a 4-byte nat floating point grid from the COARDS-compliant netCDF file data.grd:
grdreformat data.grd ras_data.b4=b¥/
To make a 2byte short integer file, scale it by 10, subtract 32000, setting NaNs to -9999, do
grdreformat values.grd shorts.i2=bs/10/-32000/-999¢

To aeate a Sun standard 8-bit rasterfile for a subset of the data file image.grd, assuming the range in
image.grd is 0-1 and we need 0-255, run

grdreformat image.grd-R-60/-40/-40/-30 image.ras8=rb/255/
To oonvert etopo2.grd to etopo2.i2 that can be usedrbolyaster, try

grdreformat etopo2.grd etopo2.i2=bN -V

SEE ALSO
GMT(1), grdmath(1)
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NAME

grdsample — Resample a grid file onto & igeid

SYNOPSIS

grdsample in_grdfile —Gout_grdfile [ —=F ] [ -Ixindunif][=[+][/yindunif][=+]] 1 [ -Lflag ] [
—Q[bic|l|n][[/]threshold ] [ —Rwesteastsouthinorth[r] ][ =T ][ =V ][ —fcolinfo]

DESCRIPTION
grdsample reads a grid file and interpolates it to createva grid file with either: a dfferent rgistration
(-F or =T); or, a rew gid-spacing or number of nodesl], and perhaps also ameub-region -R). A
bicubic [Default], bilinearB-spline or nearest-neighbor interpolatiet®)) is used, requiring boundary con-
ditions -L). Notethat using-R only is equvalent togrdcut or grdedit —S. grdsample safely creates a
fine mesh from a coarse one; thevase may suffer aliasing unless the data are filtered wguiff or
grdfilter .

When-R is omitted, the output grid will @ the same region as the input gridihen-I is omitted, the
grid spacing of the output grid will be the same as the input @iither —F or —T can be used to change
the grid registration. When omitted, the output grid willdnthe same registration as the input grid.

in_grdfile

-G

OPTIONS
~F

GMT4.2.1

The name of the input 2-D binary grid file.
The name of the output grid file.

Force pixel registration on output grid. [Default is same registration as input grid].

x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respeaadly, and will be cowerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrtbmber of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheveyaeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

Boundary conditiorflag may bex or y or xy indicating data is periodic in range of x or y or both
set by-R, or flag may beg indicating geographical conditions (x and y are lon and [&fault
uses "natural" conditions (second partial ¢itive rormal to edge is zero) unless the grid is auto-
matically recognised as periodic.]

Quick mode, use bilinear rather than bicubic interpolation 40Igf Alternatvely, select the
interpolation mode by addinig for B-spline smootingg¢ for bicubic interpolation| for bilinear
interpolation orn for nearest-neighboralue. Optionally appendthresholdin the range [0,1].
This parameter controls twoclose to nodes with NaNalues the interpolation will go. E.g., a
thresholdof 0.5 will interpolate about half way from a non-NaN to a NaN node, whereas 0.1 will
go about 90% of the ay, etc. [Default is 1, which means none of the (4 or 16) nearby nodes may
be NaN]. —QO will just return the wlue of the nearest node instead of interpolating. This is the
same as usingQn.

xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
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TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

-T Translate between grid and pixebigtration; ifthe input is grid-registered, the output will be
pixel-registered and vice-versa.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to

male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create gridded files will internally hold
the grids in 4-byte floating point arrays. This is done to coeseemory and futhermore most if not all
real data can be stored using 4-byte floating pahtes. Datavith higher precision (i.e., double precision
values) will loose that precision once GMT operates on the grid or writes wugritss. To limit loss of
precision when processing data you shoulehgd consider normalizing the data prior to processing.

HINTS
If an interpolation point is not on a node of the input grid, then a NaNyatoale in the neighborhood sur
rounding the point will yield an interpolated NaMicubic interpolation [default] yields continuous first
derivatives kbut requires a neighborhood of 4 nodes by 4 no&dear interpolation +Q] uses only a 2 by
2 neighborhood, bt yields only zeroth-order continuityJse bicubic when smoothness is importadse
bilinear to minimize the propagation of NaNs.

EXAMPLES
To resample the 5 x 5 minute grid inviwi_5by5 topo.grd onto a 1 minute grid:

grdsample hawaii_5by5 topo.grd-11m —Ghawaii_1byl topo.grd

To translate the gridline-registered file surface.grd to pixel registration wédlgikg the same region and
grid interval:

grdsamplesurface.gra-T —Gpixel.grd

SEE ALSO
GMT(2), grdedit(1), grdfft(1), grdfilter(1)
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NAME
grdtrack — Sampling of a 2-D grid file along 1-D trackline (a sequence of X,y points)

SYNOPSIS
grdtrack xyfile —Ggrdfile [ —-H[i][nred ] [ -Lflag ] [ —-M[ilo][flag] ] [ —Q[bjc|l|n][[/]threshold ] [
—Rwesteastsouthinorth[r]1[ =S]1[ -V 1[ =Z ][ —:[ilo] 1 [ —blilo][sS|d|D][ncoll ][ —f[i|o]colinfo]

DESCRIPTION
grdtrack reads a grid file (or a Sandwell/Smith IMG file) and a table (from file or standard input) with
(x,y) positions in the first tavcolumns (more columns may be present). It interpolates the grid at the posi-
tions in the table and writes out the table with the interpolated values addedvasa@umen. A bicubic
[Default], bilinear B-spline or nearest-neighbor (se®) interpolation is used, requiring boundary condi-
tions at the limits of the region (sek).

xyfile  This is an ASCII (or binarysee—b) file where the first 2 columns hold the (x,y) positions where
the user wants to sample the 2-D data set.

-G grdfileis a 2-D binary grid file with the function f(x,y). If the specified grid is in Sandwell/Smith
Mercator format you must append a comma-separated list of arguments that includes a scale to
multiply the data (usually 1 or 0.1), the mode which stand for theafimitp (0) Img files with no
constraint code, returns data at all points, (1) Img file with constraints coded, return data at all
points, (2) Img file with constraints coded, return data only at constrained points and NaN else-
where, and (3) Img file with constraints coded, return 1 at constraints and O elsewhere, and option-
ally the max latitude in the IMG file [72.0059773539].

OPTIONS
No space between the option flag and the associated arguments.

-H Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped.

-L Boundary conditiorflag may bex ory or xy indicating data is periodic in range of x or y or both
set by-R, or flag may beg indicating geographical conditions (x and y are lon and [&®fault
uses "natural" conditions (second partial ¢ative rormal to edge is zero) unless the grid is auto-
matically recognised as periodic.]

-M Multiple segment file. Segment separator is a record beginnindlagth[Default is ">].

-Q Quick mode, use bilinear rather than bicubic interpolation 40Igf Alternatvely, select the
interpolation mode by addinig for B-spline smootingg for bicubic interpolation| for bilinear
interpolation orn for nearest-neighboralue. Optionally appendthresholdin the range [0,1].
This parameter controls twoclose to nodes with NaNalues the interpolation will go. E.g., a
thresholdof 0.5 will interpolate about half way from a non-NaN to a NaN node, whereas 0.1 will
go about 90% of the ay, etc. [Default is 1, which means none of the (4 or 16) nearby nodes may
be NaN]. —QO0 will just return the wlue of the nearest node instead of interpolating. This is the
same as usingQn.

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicatedvéaer, input, output and plot formats are
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customizable; segmtdefaults).

-S Suppress the output of interpolated points that result in NaN values.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-Z Only write out the sampled z-values [Default writes all columns].

- Toggles between (longitude,latitude) and (latitude,longitude) input/outjfiefault is (longi-
tude,latitude)].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is one more than input].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

HINTS
If an interpolation point is not on a node of the input grid, then a NaNyatoale in the neighborhood sur
rounding the point will yield an interpolated NaN. Bicubic interpolationddf yields continuous first
derivatives kut requires a neighborhood of 4 nodes by 4 no&dsear interpolation +Q] uses only a 2 by
2 neighborhood, but yields only zeroth-order continuitise bicubic when smoothness is importadse
bilinear to minimize the propagation of NaNs, or loweeshold

EXAMPLES
To sample the file haaii_topo.grd along the SEASAtrack track_4.xyg (An ASCII table containing longi-
tude, latitude, and SEASAderived gravity, preceded by one header record):

grdtrack track 4.xyg-Ghawaii_topo.grd—H > track_4.xygt

To sample the Sandwell/Smith IMG format file topo.8.2.img (2 minute predictegratny on a Mercator
grid) along the lon,lat coordinatessgn in the file cruise_track.xyry

grdtrack cruise_track.xy-Gtopo.8.2.img,1,1 > obs_and_predicted.d

SEE ALSO
GMT(1), surfac€l), sampleldl)
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NAME

grdtrend — Fit and/or remve a plynomial trend in a grid file
SYNOPSIS

grdtrend grdfile—Nn_mod€]r] [ —Ddiff.grd ][ —Ttrend.grd] [ -V ][ ~Wweight.grd]
DESCRIPTION

grdtrend reads a 2-D gridded file and fits avlorder polynomial trend to these data by [optionally
weighted] least-squares. The trend surface is defined by:

m1l + m2*x + m3*y + m4*x*y + m5*x*x + m6*y*y + m7*x*x*x + m8*x*x*y + mo*x*y*y + m10*y*y*y .

The user must specifyNn_model the number of model parameters to use; thigl fits a bilinear trend,

—N6 a quadratic surface, and so of@ptionally, gopendr to the—N option to perform a robust fit. In this
case, the program will iteraslly reweight the data based on a robust scale estimate, in ordevéngecn

a lution insensitre 1 outliers. Thismay be handy when separating agiomal” field from a "residual”

which should hee ron-zero mean, such as a local mountain on a regional surface.

If data file has values set to NaN, these will be ignored during fitting; if output files are written, these will
also hae NaN in the same locations.

No space between the option flag and the associated arguments.
grdfile The name of a 2-D binary grid file.
-N [rIn_modekets the number of model parameters to fit. Appefiod robust fit.

OPTIONS
No space between the option flag and the associated arguments.

-D Write the difference (input data - trend) to the difé.grd.
-T Write the fitted trend to the fikeend.grd
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W If weight.grdexists, it will be read and used to sela weighted least-squares problefiefault:
Ordinary least-squares fit.] If the robust option has been selected, the weights used stifé rob
will be written toweight.grd

REMARKS
The domain of x and y will be shifted and scaled to [-1, 1] and the basis functions are built gemadree
polynomials. Thesdave a numerical advantage in the form of the matrix which must berted and
allow more accurate solutiondNOTE: The model parameters listed witV are Legendre polynomial
coeficients; thg are not numerically equélent to the m#s in the equation describedvabd’he descrip-
tion abare is to dlow the user to matchN with the order of the polynomial sade. Segrdmath if you
need to ealuate the trend using the reported coefficients.

EXAMPLES
To remove a panar trend from haaii_topo.grd and write result in haii_residual.grd:

grdtrend hawaii_topo.grd—N3 —Dhawaii_residual.grd

To do a mhust fit of a bicubic surface to waii_topo.grd, writing the result in kaii_trend.grd and the
weights used in hveaii_weight.grd, and reporting the progress:

grdtrend hawaii_topo.grd—N10r — Thawaii_trend.grd-Whawaii_weight.grd-V

SEE ALSO
GMT(2), grdfft(1), grdfilter(1)
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NAME
grdvector — Plot vector fields from grid files

SYNOPSIS
grdvector compx.gd compy.grd-Jparameterd —A ] [ —B[p|s|parameterd [ —Ccptfile] [ —E ][ —Gfill] [
=Ixindqunif][=+][/yindunif][=+]] 1 [ -K ][ -N T [ -O 1 [ -P ] [ —-Qparameters] |
—Rwesteastsouthinorth[r] ] [ —Fl]scale] [ =T ] [ —Ul/dxdy/][labell ][ =V ][ -Wpen] [ =X[alc|r][x-
shiffu]] 1 [ =Y[alc|r][y-shiffu]] 1[ =Z ][ —ccopies] [ —f[i|o]colinfo]

DESCRIPTION
grdvector reads tw 2-D gridded files which represents the x- and y-components eftanfield and pro-
duces a &ctor field plot by drawing vectors with orientation and length according to the information in the
files. Alternatvely, polar coordinate components may be usedhg@ta). grdvector is basically a short-
hand for using 2 calls tgrd2xyz and pasting the output throughxy —SV.

compx.grd
Contains the x-component of the vector field.

compy.grd
Contains the y-component of the vector field.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMEEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendi@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, appgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

=Jjlon0/scale(Miller)

-Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve nmeridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-JglonO/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—JtlonO/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalg Equidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalg(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scaléAlbers)

-JdlonO/latO/lat1/lat2/scal€Equidistant)
=Jllon0/lat0/lat1/lat2/scaléLambert)
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OPTIONS

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
=JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—Jnlon0/scale(Robinson)
-Jrlon0O/scale(Winkel Tripel)
-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

No space between the option flag and the associated arguments.

GMT4.2.1

Means grid files hae polar (r, theta) components instead of Cartesian (x, y).

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Usecptfileto assign colors based on vector length.
Center vectors on grid nodes [Default draws from grid node].
Sets color or shade for vector interiors [Default is no fill]. (See SPECIFYING FILL below).

Only plot vectors at nodev@y x_inc, y_incapart (must be multiples of original grid spacing).
Appendm for minutes oic for seconds. [Default plotsery node].

More PostScriptcode will be appended later [Default terminates the plot system].

Do NOT clip vectors at map boundaries [Default will clip].

Selects Overlay plot mode [Default initializes avrot system].

Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

Select vector plot [Default is stick-plot].Optionally specify parameters which are
arrowwidth/headlength/headwidtfDefault is 0.07%/0.3c/0.25 (or 0.03/0.12/0.1i)]. Append
nsizewhich will cause vectors shorter theigeto have their appearance scaled by lengibé

xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). Specifya subset of the grid.

Sets scale for vector length in data units per distance measurement uAppghdc, i, m, p to
indicate the measurement unit (cm, inch, m, poiRtepend to indicate a fixed length for albe-
tors.

Means azimuth should be canted to angles based on the selected map projection.
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-U

Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which

will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Set pen attribtes used for vector outlines [Default: width = 1, color = black, texture = s¢fdle
SPECIFYING PENS below).

Shift plot origin relatve o the current origin byx¢shift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

Means the angles provided are azimuths rather than direction (reglijres
Specifies the number of plot copies. [Default is 1].

Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to bot&jive ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

SPECIFYING PENS

pen

The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|es, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL

fill

The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified gmlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image.oF 1-bit rasters: us@dpi/pattern for inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transparengd. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR

color

EXAMPLES

The color of lines, areas and patterns can be specified kafich eolor name (from the systesn’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

To draw the vector field gien by the files rgrd and theta.grd on a linear plot with scale 5 cm per data unit,
using vector rather than stick plot, and scale vector magnitudes so that 10 units equal 1 inch, run

grdvector r.grd theta.gra-Jx5¢ —A —Q —S10i > gradient.ps

SEE ALSO

GMT (1), grdcontour(1), psxy(1)

GMT4.2.1
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NAME
grdview — Create 3-D perspeot gayshaded/colored image or mesh from a 2-D grid file

SYNOPSIS
grdview relief_file —Jparameterq —B[p|s|parameterg [ —Ccptfilg [ —Eview_az/view_€] [ —Gdrapefile|
-Ggrd_r,grd_ggrd b] [ —lintensfilg [ —Jz|Zparameterd [ =K ][ —L[flagd ] [ —Nlevel/color]] [ -O ]|
-P ] [ -Qtypdg] ] [ —Rwesteastsouthnorth[/zminzmaj(r] ] [ —Ssmooth] [ -T[s[o[per] ] [
=Ul/dxdy/][labell T [ =V ][ —Wtype/pen] [ —=X[alc|r][x-shiffu]] ] [ =Y[alc|r][y-shiffu]] ] [ -Zzlevel] [
—ccopies]

DESCRIPTION
grdview reads a 2-D gridded file and produces a 3-D persjgedtit by drawing a mesh, painting a col-
ored/grayshaded surface made up of polygons, or by scanlimergion of these polygons to a rasterim-
age. Optionsnclude draping a data set on top of a surface, plotting of contours on top of the surface, and
apply artificial illumination based on intensities provided in a separate grid file.

relief file
2-D gridded data set to be imaged (the relief of the surface).

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, appgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/lat0/scalg/Cassini)

=Jjlon0O/scale(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve nmeridian and standard parallel)
—Jodon0/lat0/azimuth/scal€Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—JtlonO/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalg Equidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—-Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scaléAlbers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=Jllon0/lat0/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:
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—-JhlonO/scale(Hammer)
=JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
-Jrlon0O/scale(Winkel Tripel)
-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)
-Jz Sets the vertical scaling (for 3-D maps). Same syntadas

OPTIONS
No space between the option flag and the associated arguments.

-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.
-C name of the color palette filéust be present if you want (1) mesh plot with contouf3rf), or

(2) shaded/colored perspeetimage Qs or —Qi). For —Qs. You can specify that you want to
skip a z-slice by setting red = -; to use a patteva gid =P|pdpi/patterr: Fr/g/b[Br/g/b]].

-E Sets the vie point by specifying azimuth and &ktion in degrees. [Default is 180/90].

-G Drape the image idrapefileon top of the relief provided bgelief file. [Default is relief filg].
Note that-Jz and—N always refers to theelief file. Thedrapefileonly provides the information
pertaining to colors, which is loek-up via the cpt file (seeC). Alternatively, give three grid
files separated by commashese files must contain the red, green, and blue colors directly (in
0-255 range) and no cpt file is needethe drapefile may be of higher resolution than the
relief_file.

= Gives the name of a grid file with intensities in the (-1,+1) range. [Default is no illumination].
-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Boundary conditiorflagsmay bex or y or xy indicating data is periodic in range of x or y or both,
or flagsmay beg indicating geographical conditions (x and y are lon and [&&fault uses "natu-
ral" conditions (second partial deaiive mormal to edge is zero).[f no flagsare set, use bilinear
rather than the default bicubic resampling when draping is required.

-N Draws a plane at this ziel. If the optionalcolor is provided, the frontal facade between the
plane and the data perimeter is colored. (See SPECIFYING COLOR below).
-0 Selects Overlay plot mode [Default initializes avrot system].

-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

-Q Select one of four settings: 1. Speaifyfor mesh plot [Dedult], and optionally append /r/g/b for a
different mesh paint [white]. 2. Speci§for surface plot, and optionally appendto have mesh
lines drawn on top of swa€e. 3.Specifyi for image plot, and optionally append théeefive doi
resolution for the rasterization [100]. 4. SpedaifySame as-Qi but will mask out nodes with z =
NaN using the colormasking featureRostScriptLevel 3 (the PS device must support PS/éle
3). For ary of these choices, you may force a monochrome image by appemdi@glors are
then conerted to shades of gray using the (television) YIQ transformation.

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
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may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtgT[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). Thisoption may be used to indicate the range used for the & ax
[Default is region gien by the relief file]. You may ask for a lgerw/e/s/nregion to hae nore
room between the image and thesx Asmaller region than specified in thatief file will result

in a subset of the grid.

Smooth the contours before plotting (gedcontour) [Default is no smoothing].

Plot image without aninterpolation. Thisinvolves comerting each node-centered bin into a
polygon which is then painted separatefppends to skip nodes with z = NaN. This option is
useful for categorical data where interpolating betwesnes is meaningles®ptionally, append

o to draw the tile outlines, and specify a custom pen if thedkfoen is not to your liking(See
SPECIFYING PENS below).

Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which

will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Draw contour lines on top of surface or mesh (not image). Append perutgribsed for the con-
tours. [Detult: width = 3, color = black, texture = solid]. (See SPECIFYING PENS below).

Sets the pen attributes used for the mesh. [Default: width = 1, color = black, texture =\smlid].
must also selectQm or —Qsmfor meshlines to be dnan. (SeeSPECIFYING PENS below).

Shift plot origin relatve o the current origin byx¢shift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

Sets the z-leel of the basemap [0].
Specifies the number of plot copies. [Default is 1].

SPECIFYING PENS

pen

The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|es, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING COLOR

color

EXAMPLES

The color of lines, areas and patterns can be specified kafich eolor name (from the systesn’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

To make a nmesh plot from the file heaii_grav.grd and drawing the contoursvgn in the color palette file
hawaii.cpt on a Lambert map at 1.5 cm/degree along the standard parallels 18 and 2dstigdhscale 20
mgal/cm, and looking at the surface from SW at 30 degrestiele, run

grdview hawaii_grav.grd -JI18/24/1.% -Chawaii.cpt -Jz0.05c -Om -N-100 -E225/30 -Wc >
hawaii_grav_image.ps

GMT4.2.1
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To ceate a illuminated color perspetidot of the gridded data set image.grd, using the color palette file
color.;gb, with linear scaling at 10 cm/x-unit and tickmarkerg 5 units, with intensities provided by the
file intens.grd, and looking from the SE, use

grdview image.grd-Jx10.Qc —Ccolor.rgh—Qs —E135/30-lintens.grd >mage3D.ps
To make the same plot using the rastering option with dpi = 50, use
grdview image.grd-Jx10.0c —Ccolor.rgh—Qi50-E135/30-lintens.grd Smage3D.ps

To aeate a coloPostScriptperspectie fdot of the gridded data set magnetics.grd, using the color palette
file mag_intens.cpt, drapede the relief gien by the file topograpipgrd, with Mercator map width of 6
inch and tickmarkswery 1 degree, with intensities prided by the file topo_intens.grd, and looking from
the SE, run

grdview topograply.grd —JM6i —Gmagnetics.grd-Cmag_intens.cptQs —EL40/30-Itopo_intens.grd >
draped3D.ps

Given topo.grd and the Landsat imagegyies.ras, first rugmt2rgb to get the red, green, and blue grids,
and then drape this imageen the topograpp and shade the result for good measure. The commands are

gmt2rgb vegies.ras-Glayer_%c.grd
grdview topo.grd -JM6i —Qi —E140/30 -Itopo_intens.grd—Glayer_r.grd,layer_g.grd,layer.gvd >
image.ps

REMARKS
For the—Qs option: PostScriptprovides no way of smoothlyarying colors within a polygon, so colors can
only vary from polygon to polygonTo dbtain smooth images this way you may resample the grid file(s)
usinggrdsample or use a finer grid size when running gridding programesdikface or nearneighbor.
Unfortunately this produces hugBostScriptfiles. Thealternatve is to tse the—Qi option, which com-
putes bilinear or bicubic continuous color variations within polygons by using scanlivezsion to image
the polygons.

SEE ALSO
GMT(1), gmt2rgfl), grdcontourl), grdimage(l), nearneighbo¢l), psbasemafi), pscontou(l),
pstex{l), surfac€l)
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NAME
grdvolume — Calculating volume under a surface within a contour

SYNOPSIS
grdvolume grdfile [ —Ccval or —Clow/high/delta] [ —~Lbase] [ ~-Rwesteastsouthinorth[r] ][ -SKk] ][ -T
1[ =VIN1[ —Zfact/delta ] [ —fcolinfo]

DESCRIPTION
grdvolume reads a 2-D binary grid file and calculates the volume contained between the surface and the
plane specified by the\gn contour (or zero if not gen) and reports the area, volume, and maximum
mean height @ume/area). Alternatély, specify a range of contours to be tried agpdivolume will
determine the volume and area inside the contour for all contdues: Thecontour that produced the
maximum mean height is reported as well. This feature may be usedrdfifter in designing an Opti-
mal Robust Separatowesse] 1998].

grdfile The name of the input 2-D binary grid file.

OPTIONS
No space between the option flag and the associated arguments.

-C find area and volume inside theal contour Alternatively, search using all contours frolaw to
high in steps ofdelta [Default returns entire area and volume of grid]. The area is measured in
the plane of the countour.

-L Also add in the volume from thevid of the contour down tbase[Default base is contour].
-S Corvert degrees to meters, appdatbr km [Default is Cartesian].
-T Use curature minimum rather than maximum height to find best contour value (when contour

search is selected wittC).

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtgT[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

-V Selects verbose mode, which will send progress reports to stdeaw[Drefs "silently"]. Append
| to see all the results for each contowel¢ested (when contour search has been selected).

-Z Optionally subtracshift before scaling data bfact [Default is no scaling]. (Numbers inC, -L
refer to values after this scaling has occurred).

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give azme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

EXAMPLES
To determine the volume in km3 under the surfacsdiatopo.grd (height in km), use

grdvolume hawaii_topo.grd-Sk

To find the volume between the surface peaks.grd and the contour z = 250, use
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grdvolume peaks.grd-Sk —C250

To sarch for the contoubetween 100 and 300 in steps of 10, that maximizes the ratio of volume to sur
face area for the file peaks.grd, use

grdvolume peaks.grd-Sk —C100/300/10 > results.d
To se the areas and volumes for all the contours in the previous example, use

grdvolume peaks.grd-Sk VI —C100/300/10 > results.d

NOTES
grdvolume distinguishes between gridline and gridcell oriented grids. In both cases the areduamg v
are computed up to the grid boundaries. That means that in the first case the gridcells on the boundary only
contritute half their area (and volume), whereas in the second case all gridcells are fully usedejphe e
tion is when the-C flag is used: since contours do not extengbhd the outermost gridpoint, both grid
types are treated the same. That means the outer rim in gridcell oriented grids is ignored when+@ing the
flag.

SEE ALSO
GMT(2), grdfilter(1)

REFERENCES
Wessel, P., 1998, An empirical method for optimalusttregional-residual separation of geophysical data,

Math. Geol., 30(4)391-408.
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NAME

makecpt — Mak GMT color palette tables
SYNOPSIS

makecpt[ —Ctable][-D] [-I ][ -M ][ =N ][ —QIilo] ][ -Tz0/z1/d34 -Tztabld[ -V ][ -Z]
DESCRIPTION

makecptis a utility that will help you mak clor palette tables (cpt files)}ou define an equidistant set of
contour intervals or pass youwn z-table, and create awept file based on an existing master cpt file.
The resulting cpt file can beversed relatie o the master cpt, and can be made continuous or discrete.
The color palette includes three additional colors beyond the rangeabiesvThese are the background
color (B) assigned toalues lower than the West z-value, the foreground color (F) assigned &dues
higher than the highegtvalue, and the NaN color (N) painted wheeze/alues are undefined.

If the master cpt file includes B, &d N entries, these will be copied into thevnmeaster file. If not, the
parametersCOLOR_BACKGROUND, COLOR_FOREGROUND, and COLOR_NAN from the .gmt-
defaults4 file or the command line will be used. This default behavior camebeiled using the options
-D, -M or —-N.

The color model (RGB, HSV or CMYK) of the palette createdrtakecptwill be the same as specified in
the header of the master cpt file. When there i€@0.OR_MODEL entry in the master cpt file, the
COLOR_MODEL specified in the .gmtdefaults4 file or on the command line will be used.

OPTIONS
-C Selects the master color taltéble to use in the interpolation. Choose among the built-in tables
(type makecptto see the list) or ge the name of an existing cpt file [Defaulveg a minbowv cpt
file].

-D Select the colors for lowest and highestalues in the output cpt file as the back- anddimend
colors that will be written to the cpt file [Daflt uses the colors specified in the master file, or
those defined by the paramet&@®LOR_BACKGROUND, COLOR_FOREGROUND, and
COLOR_NAN].

= Reverses the sense of color progression in the master cpAfde. exchanges the foreground and
background colors, including those specified by the paramé@tOR_BACKGROUND and
COLOR_FOREGROUND.

-M Overrule background, fogegound, and NaN colors specified in the master cpt file withdhes
of the parameter€OLOR_BACKGROUND, COLOR_FOREGROUND, and COLOR_NAN
specified in the .gmtdefaults4 file or on the command livwhen combined with-D, only
COLOR_NAN is considered.

-N Do not write out the background, foreground, and NaN-color fields [Default will write them].

-Q Selects a logarithmic interpolation scheme [Default is linea@i expects input z-values to be
log10(z), assigns colors, and writes out z Addt]. —Qo takes log10(z) first, assigns colors, and
writes out z.

-T Defines the range of the wmecpt file by giving the lowest and highest z-value and the iaterv

Alternatively, give the name of a ASCII file that has one z-value per recbmbt given, the &ist-
ing range in the master cpt file will be used intact.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-Z Creates a continuous cpt file [Default is discontinuous, i.e. constant colors for each interval].
EXAMPLES

To make a @t file with z-values from -200 to 200, with discrete color changey €5, and using a polar
blue-white-red colortable:

makecpt —Cpolar —T-200/200/25 > colors.cpt

To make an guidistant cpt file from z = -2 to 6, in steps of 1, using continuous default vacdbors:
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makecpt —T-2/6/1-Z > rainbow.cpt
To make a GEBCO look-alile gt file for bathymetryrun

makecpt —Cgebco > my_gebco.cpt

BUGS
Sincemakecpt will also interpolate from anexisting .cpt file you may he in your directory you cannot
use one of the listed cpt names as an output filename; hence the my_gebco.cpt in the example.

SEE ALSO
GMT(1), grd2cpt(1)
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NAME
mapproject — Forward andverse map transformation of 2-D coordinates

SYNOPSIS
mapproject infiles —Jparameters—Rwesteastsouthinorth[r] [ —Ab|B|f|FlonUlat0 ] [ —-C[dx/dy] ] [
=Dclijm|p ][ —E[datun] ] [ —F[kim|nfilclp] ][ —G[x0yQ)[-][/unif] ] [ —H[i][nred ][ =1 ][ —Lline.xy{/unif]
] [f—;\/l[iIO][flag] 10 -Qldle] [ =S][ ~T[h]from[/to] ] [ =V ][ —:[ilo] ] [ —blilo][s|S|d|D][ncoll ] [ —filo]col-
info

DESCRIPTION
mapproject reads (longitude, latitude) positions franfiles[or standard input] and computes (x,y) coordi-
nates using the specified map projection and sc&gsionally it can read (x,y) positions and compute
(longitude, latitude) values doing thevénse transformation. This can be used to transform linear (x,y)
points obtained by digitizing a map of kmo projection to geographical coordinates. May also calculate
distances along track, to adik point, or closest approach to a lifkénally, can be used to performasious
datum comersions. Additionaldata fields are permitted after the first 2 columns which must fangi-
tude,latitude) or (x,y). See optien on haw to read (latitude,longitude) files.

infles Data file(s) to be transformed. If novgn, standard input is read.

-J Selects the map projection. The feliog character determines the projection. If the character is
upper case then the argument(s) supplied as scale(s) is interpreted to be the map width (or axis
lengths), else the scale argument(s) is the map scale (see its definition for each projection). UNIT
is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4, but this can be
overridden on the command line by appending or m to thescaldwidth values. Appench, +,
or - to the gven widthiif you instead want to set map height, the maximum dimension, or the mini-
mum dimension, respeetly [Default isw for width].

The ellipsoid used in the map projections is user-definable by editing the .guttstefile in your

home directory63 cmmonly used ellipsoids and a spheroid are currently supported, and users
may also specify theirvn ellipsoid parameters (see man gmtdefaults for more det&lIs)T

default is WGS-84. Seral GMT parameters can affect the projecti&@hLIPSOID , INTER-
POLANT, MAP_SCALE_FACTOR, and MEASURE_UNIT ; see thegmtdefaults man page

for details.

Choose one of the following projections (Tl@r C after projection names stands for Equal-Area
and Conformal, respeutly):

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scaleor —JClon0/latO/width(Cassini).
Give projection centetonO/latOandscale(1:xxxx or UNIT/degree).

-Jjlon0/scaleor —JJlonO/width(Miller Cylindrical Projection).
Give the central meridialon0 andscale(1:xxxx or UNIT/degree).

-JmparametergMercator[C]).
Specify one of:

—-Jmscaleor ~-JMwidth
Give scalealong equator (1:xxxx or UNIT/degree).

—-JmlonO/latO/scaleor —IMlonO/latO/width
Give eentral meridianlon0, sandard parallelatO, and scale along parallel
(1:xxxx or UNIT/degree).

—JoparametergOblique MercatofC]).
Specify one of:

—Jodon0/lat0/azimuth/scaler —JOalon0/lat0/azimuth/width
Set projection centdon0/lat0, azimuthof oblique equatgiand scale
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—Joblon0/lat0/lon1/latl/scal®r —JOblon0/latO/lon1/latl/scale
Set projection centdonO/lat0, another point on the oblique equatonl/latl,
andscale

—Jodon0O/latO/lonp/latp/scale®r —JOclon0/lat0/lonp/latp/scale
Set projection centdon0/lat0 pole of oblique projectiotonp/latp, and scale

Give scalealong oblique equator (1:xxxx or UNIT/degree).

-Jglon0/scaleor —JQlon0/width(Equidistant Cylindrical Projection (Plate Carree)).
Give the central meridialon0 andscale(1:xxxx or UNIT/degree).

—JtparametergTransverse Mercat¢€]).
Specify one of:

—JtlonO/scaleor —JTlonO/width
Give the central meridialon0 andscale(1:xxxx or UNIT/degree).

-JtlonO/latO/scaleor —JTlonO/lat0/width
Give projection centetonO/latOandscale(1:xxxx or UNIT/degree).

—Juzone/scal®r —JUzone/width(UTM - Universal Transverse Mercatf]).
Give the UTM zone (A,B,1-60[C-X],Y,2)) andcale(1:xxxx or UNIT/degree).
Zones: If C-X not gien, prepend - or + to enforce southern or northern hemisphere con-
ventions [northern if south > 0].

—JylonO/lats/scaleor —JYlonO/lats/width(Basic Cylindrical ProjectionE]).
Give the central meridiaton0, sandard paralldhts, and scale(1:xxxx or UNIT/degree).
The standard parallel is typically one of these (but can peaue):
45 - The Peters projection
37.4 - The Trystan Edwards projection
30 - The Behrman projection
0 - The Lambert projection

AZIMUTHAL PROJECTIONS:

Except for polar aspectsRw/e/s/n will be reset teRg. Use—R<...> for smaller regions.

—Jalon0/lat0/scaleor —JAlon0/latO/width(Lambert[E]).
lonO/latOspecifies the projection centdBive scaleas 1:xxxx oradius/lat whereradius
is distance in UNIT from origin to the oblique latituidée

—Jelon0/lat0/scaleor —JElon0/latO/width(Equidistant).
lon0/latOspecifies the projection centdBive scaleas 1:xxxx oradius/lat whereradius
is distance in UNIT from origin to the oblique latituidé

—Jflon0/lat0O/horizon/scaler —JFlon0/latO/horizon/widtH{Gnomonic).
lon0/lat0 specifies the projection centdrorizonspecifies the max distance from projec-
tion center (in degrees, < 90Live scaleas 1:xxxx orradius/lat whereradiusis dis-
tance in UNIT from origin to the oblique latitué.

—Jglon0/latO/scaleor —JGlon0/latO/width(Orthographic).
lon0/latOspecifies the projection centdBive scaleas 1:xxxx oradius/lat whereradius
is distance in UNIT from origin to the oblique latituidé

—-Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scale or —-JGlon0/lat0/alti-
tude/azimuth/tilt/twist/Width/Height/wid{General Perspeut).
lon0/lat0 specifies the projection centedltitude is the height (in km) of the wigooint
above local sea ledl. If altitudeis less than 10, then it is the distance from the center of
the earth to the wepoint in earth radii. Ifaltitude has a suix r then it is the radius from
the center of the earth in kilometemzimuthis measured to the east of north ofaviilt
is the upward tilt of the plane of projectiontilf is negaive, then the viewpoint is cen-
tered on the horizonFurther specify the clockwisetwist, Width, and Height of the

100ct 2007 2



MAPPROJECT(1) Generidapping Dols MAPPROJECT(1)

GMT4.2.1

viewpoint in dgrees. Gie scaleas 1:xxxx orradius/lat whereradius is distance in
UNIT from origin to the oblique latitudiat.

—Jdon0/lat0/scaleor —JSlon0/latO/width(General Stereograph|€]).
lon0/lat0 specifies the projection centeiGive scale as 1:xxxx (true at pole) or
lats/1:xxxx (true at standard paralleks) or radius/lat(radiusin UNIT from origin to the
oblique latituddat).

CONIC PROJECTIONS:

—Jblon0/lat0/lat1/lat2/scaler —JBlonO/latO/latl/lat2/width(Albers[E]).
Give mojection centeonO/lat0, two gandard parallel$atl/lat2, and scale (1:xxxx or
UNIT/degree).

-Jdlon0/latO/lat1/lat2/scaleor —JDlon0/lat0/latl/lat2/width(Equidistant)
Give mrojection centelonO/lat0, two gandard parallel$atl/lat2, and scale (1:xxxx or
UNIT/degree).

—Jllon0/latO/lat1/lat2/scaler —JL lonO/latO/lat1/lat2/width(Lambert[C])
Give aigin lon0O/lat0, two gandard parallelatl/lat2, and scalealong these (1:xxxx or
UNIT/degree).

MISCELLANEOUS PROJECTIONS:

—-Jhlon0/scaleor —JHlonO/width(HammerE]).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—JilonO/scaleor —Jllon0/width(SinusoidalE]).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

=JK[f|s]lonO/scaleor —JK[f|s]lonO/width(Eckert IV (f) and VI (SYE]).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—Jnlon0/scaleor —JNlonO/width(Robinson).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—Jrlon0O/scale-JRlon0/width(Winkel Tripel).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—Jvlon0/scaleor —JVIonO/width(Van der Grinten).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—Jwlon0/scaleor —JWIlonO/width(Mollweide [E]).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

NON-GEOGRAPHICAL PROJECTIONS:

-Jp[a]scald/origin][r|z] or —IP[a]width[/origin][r|z] (Polar coordinates (theta,r))
Optionally inserta after—Jp [ or =JP] for azimuths CW from North instead of directions
CCW from East [defult]. Optionallyappend drigin in degrees to indicate an angular
offset [0]). Finally, appendr if r is elevations in dgrees (requires s >= 0 and n <= 90) or
z if you want to annotate depth rather than radiusdDiff Give scalein UNIT/r-unit.

-Jxx-scal¢/y-scalg or —IXwidth[/heigh{ (Linear, log, and power scaling)
Give x-scale(1:xxxx or UNIT/x-unit) and/ory-scale(1:xxxx or UNIT/y-unit); or specify
width and/orheightin UNIT. y-scale=x-scaleif not specified separately and using 1:xxxx
implies that x-unit and y-unit are in meters. Usgaige <ale(s) to reerse the direction
of an axis (e.g., to va y ke positive down). Optionally append tax-scale y-scale width
or heightone of the following:

d Data are geographical coordinates (in degrees).
I Take log10 of values before scaling.
ppower Raise values tpowerbefore scaling.
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OPTIONS

t Input coordinates are time relaito TIME_EPOCH .
T Input coordinates are absolute time.

Default axis lengths (see gmtdefts) can be woked using—JXh (for landscape):-JXv
(for portrait) will swap the x- and y-axis lengthEhe GMT default unit for this installa-
tion is either cm or inch, as defined in the file share/gmt.confiet#m, you may change
this by editing your .gmtdefilts4 file(s) (run gmtdefaults to create one if you do ne¢ ha
it).
xmin, xmax ymin, and ymaxspecify the Region of interestor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required.The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). Specialcase for the UTM projection: HC is used and-R is not
given then the region is set to coincide with theegiUTM zone so as to preserthe full ellip-
soidal solution (See RESTRICTIONS for more information).

No space between the option flag and the associated arguments.

infile(s) input file(s) with 2 or more columns. If no file(s) isvgi, mapproject will read the standard

~A[f|b]

GMT4.2.1

input.

—A calculates the (forward) azimuth from fixed pdmn/lat to each data pointUse-Ab to get
back-azimuth from data points to dix point. Upper casg or B will convert from geodetic to
geocentric latitudes and estimate azimuth of geodesics (assuming the current ellipsoid is not a
sphere).

Set center of projected coordinates to be at map projection center [Default is lower left corner].
Optionally, add offsets in the projected units to be added (or subtracted wherset) to (from)

the projected coordinates, such as false eastings and northings for particular projection zones [0/0].
The unit used for the offsets is the plot distance unit in effectM&&ESURE_UNIT) unless-F

is used, in which case the offsets are in meters.

Temporarily override MEASURE_UNIT and usec (cm), i (inch), m (meter), orp (points)
instead. Canndte used with-F.

Corvert from geodetic (lon, lat, height) to Earth Centered Earth Fixed (ECEFR2)(xgordinates
(add-I for the irverse comersion). Appenddatum ID (see-Qd) or give ellipsoiddx,dy,davhere
ellipsoidmay be an ellipsoid ID (se€Qe) or given as a,1/f If datumis - or not gien we asume
WGS-84.

Force 1:1 scaling, i.e., output (or input, selg data are in actual projected metef® ecify
other units, appenkl (km), m (mile), n (nautical mile); (inch),c (cm), orp (points). Wthout-F,
the output (or input, sed) are in the units specified WEASURE_UNIT (but see-D).

Calculate distances along track OR to the optional point set~@ 0/yQ Append the distance
unit; choose among (m), k (km), m (mile), n (nautical mile),d (spherical dgree),c (Cartesian
distance using input coordinates)@rCartesian distance using projected coordinates). The last
unit requires-R and-J to be set.Upper casek, K, M, N, or D will use exact methods for geo-
desic distances (Rudaarethod for distances in length units and emplying geocentric latitudes in
degree calculations, assuming the current ellipsoid is not a sph#f#).no fixed point we calcu-
late cumulate distances along trac&.dbtain incremental distance between suceegsints, use
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-G-.

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

= Do the lverse transformation, i.e. get (longitude,latitude) from (x,y) data.

-L Determine the shortest distance from the input data points to the linggs)jrgthe ASCII multi-
segment fileline.xy. The distance and the coordinates of the nearest point will be appended to the
output as three mecolumns. Appendhe distance unit; choose amamfm), k (km), m (mile), n
(nautical mile)d (spherical dgree),c (Cartesian distance using input coordinates ¢€Cartesian
distance using projected coordinates). The last unit requRReand -J to be set. A spherical
approximation is used for geographic data.

-M Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and—-Mo to give eparate settings.

-Q List all projection parametersio only list datums, useQd. To only list ellipsoids, use-Qe.
-S Suppress points that fall outside the region.
-T Coordinate coversions between datunfeom andto. Use—Th if 3rd input column has height

above dlipsoid [Default assumes height = 0, i.e., on the ellipsoid]. Specify datums using the 1D
(see—-Qd) or give ellipsoiddx,dy,dz whereellipsoid may be an ellipsoid ID (se€Qe) or given as

a,1l/f If datumis - or not gien we wlse WGS-84.—T may be used in conjunction wittR —J to
change the datum before coordinate projection (addtb apply the datum ceersion after the
inverse projection). Mad sure that theeLLIPSOID setting is correct for your case.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give acme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanf[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufbd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To transform a file with (longitude,latitude) into (x,y) positions in cm on a Mercator grid farea giale
of 0.5 cm per degree, run
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mapproject lonlatfile —-R20/50/12/25-Jm0.5¢ > xyfile

To transform seeral 2-column, binarydouble precision files with (latitude,longitude) into (x,y) positions in
inch on a Tanswerse Mercator grid (central longitude 75W) for scale = 1:500000 and suppress those points
that would fall outside the map area, run

mapproject tracks.*—R-80/-70/20/40-Jt-75/1:500000-: —=S -Di —bo -bR > tmfile.b

To corvert the geodetic coordinates (lon, lat, height) in the file old.dat from the NAD27 CONUS datum
(Datum ID 131 which uses the Clarke-1866 ellipsoid) to WGS 84, run

mapproject old.dat-Th131 > nev.dat

To compute the closest distance (in km) between each point in the input file quakes.dat and the line se
ments gien in the multi-segment ASCII file coastline,xyn

mapproject quakes.datL coastline.xy/k > quake_dist.dat

RESTRICTIONS
The rectangular input region set witR will in general be mapped into a non-rectangular gddless-C
is set, the leftmost point on this grid hasabae = 0.0, and the lowermost point willMeayaue = 0.0.
Thus, before you digitize a map, run theéreme map coordinates througtapproject using the appropri-
ate scale and see what (x,y) valueythre mapped onto. Use these values when setting up for digitizing
in order to hae te irverse transformation work correctlgr dternatvely, useawk to scale and shift the
(x,y) values before transforming.
FOr some projection, a spherical solution may be used despite the user having selected an €hiigsoid.
occurs when the userRR setting implies a region thakeeeds the domain in which the ellipsoidal series
expansions arealid. Theseare the conditions: (1) Lambert Conformal Conidl()and Albers Equal-Area
(=JIB) will use the spherical solution when the map scale exceeds 1.0E7ra(®)\efse Mercator-JT)
and UTM (JU) will will use the spherical solution when either the west or east boundaaty igi—R is
more than 10 degrees from the central meridian, and (3) same for Cad€inbgt with a limit of only 4
degrees.

ELLIPSOIDS AND SPHEROIDS
GMT will use ellipsoidal formulae if theare implemented and the usewbaelected an ellipsoid as the
reference shape (s&tLIPSOID in gmtdefaults). Theuser needs to bevare of a fev potential pitalls:
(1) For some projections, such amis\erse MercatQrAlbers, and Lamberts conformal conic we use the
ellipsoidal expressions when the areas mapped are small, and switch to the spiprasaloms (and sub-
stituting the appropriate auxiliary latitudes) for larger maps. The ellipsoidal formulae are usedvas follo
(a) Transerse Mercator: When all points are within 10 degrees of central meridian, (b) Conic projections
when longitudinal range is less than 9@mes, (c) Cassini projection when all points are withingtedes
of central meridian. (2) When you are trying to match some historical data (e.g., coordinates obtained with
a certain projection and a certain reference ellipsoid) you may findathiat gives results that are slightly
different. Onelikely source of this mismatch is that older calculations often used less significant digits.
For instance, Syder's examples often use the Cla&866 ellipsoid (defined by him as having a flattening f
= 1/294.98). Fronf we get the eccentricity squared to be 0.00676862818 (this is @Mdt uses), while
Sryder rounds dfand uses 0.00676866. This difference caregiscrepancies of seral tens of cm.If
you need to reproduce coordinates projected with this slightigrelift eccentricityyou should specify
your own ellipsoid with the same parameters as €1a8K6, but with f = 1/294.9786107@&\Iso, be avare
that older data may be referenced to different datums, and unless yowhiuh datum was used and con-
vert all data to a common datum you mayerience mismatches of tens to hundreds of meters. (3) Finally
be avare thatMAP_SCALE_FACTOR have certain default values for some projections so you mag ha
to override the setting in order to match results produced with other settings.

GMT4.2.1 100ct 2007 6



MAPPROJECT(1) Generidapping Dols MAPPROJECT(1)

SEE ALSO
gmtdefaultél), GMT(1), project(1)

REFERENCES
Bomford, G., 1952, Geodedxford U. Press.
Snyder J. R, 1987, Map Projections — A Working Manual, U.S. Geological SuRof. Paper 1395.
Vanicek, Pand Krakiwsky, E, 1982, Geodesy — The Concepts, North-Holland Publ., ISBN: 0 444 86149 1.
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NAME
minmax — Find extreme values in data tables

SYNOPSIS
minmax [ fileg [ —-C ][ —EL[l|H|hcol ][ —=H[i][nred ] [ —I[p]dX/dy{/dz..] ] [ -M[flag] ][ —Tdz] [ —:[ilo] ]
[ —bi[s|S|d|D][ncoll ][ —f[ilo]colinfo]

DESCRIPTION
minmax reads its standard input [or from files] and finds the extreme values in each of the columns. It rec-
ognizes NaNs and will print warnings if the number of columns vary from record to reksrah option,
minmax will find the extent of the firat columns rounded up and down to the nearest multiple of the sup-
plied increments. By default, this output will be in the forRw/e/s/nwhich can be used directly in the
command line for other programs (hence abtyanddy are neede), or the output will be in column form
for as mag columns as there are increments yided. A similar option €T) will provide a
—Tzmin/zmax/dztring for makecpt.

xyzfile ASCII [or binary see-b] file(s) holding a fixed number of data columns.

OPTIONS
-C Report the min/max values per column in separate columns [Default uses <min/max> format].
-E Returns the record whose colurool contains the minimuml) or maximum §) value. Upper
case I(|H) works on absolute value of the data. In case of multiple matches, only the first record
is returned.
-H Input file(s) has Header record(s). Number of header records can be changed by editing your

.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

= Report the min/max of the firatcolumns to the nearest multiple of the provided increments (sepa-
rate then increments by slashes), and output results in the faRm/e/s/n(unless—C is set). If
only one increment is gén we dso use it for the second column (for baekds compatibility).
To override this behavioytuse—Ipdx.

-M Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and-Mo to give eparate settings.

-T Report the min/max of the first column to the nearest multipdz@ind output this in the form
—Tzmin/zmax/dz

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].
Only works whent-| is selected.

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to bot@jive ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
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precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To find the extreme values in the file ship_gravity.xygd:

minmax ship_gravity.xygd
Output should look like
ship_gravity.xygd: N = 6992 <326.125/334.684> <-28.0711/-8.6837> <-47.7/177.6> <0.6/3544.9>

To find the extremealues in the file track.xy to the nearest 5 units and use this regionit@ diree using
pSXy run

psxy ‘minmax —15 track.xy" track.xy—Jx1 —B5 —P > track.ps
To find the min and max values for each of the first 4 columns, but rounded to integers, use

minmax junkfile -C -11/1/1/1

BUGS
The —I option does not yet erk properly with time series data (e.gf0T). Thus,such variable inteals
as months and years are not calculatedtead, specify your interval in the same units as the current set-
ting of TIME_UNIT .

SEE ALSO
GMT(1)
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NAME

nearneighbor — A "Nearest neighbor" gridding algorithm

SYNOPSIS

nearneighbor [ xyzfile(s)] —Gout_grdfile —Ixindunit][=]+][/yindunif][=|+]] —Nsector§min_sectorp
—Rwesteastsouthinorth[r] —Ssearch radiugmiclk|K] [ —Eempty] [ =F ][ —H[i][nred ][ -Lflag][ -V 1]
-W [ =:[ilo] ][ —bi[s|S|d|D][ncol ][ —fcolinfo]

DESCRIPTION
nearneighbor reads arbitrarily located (x,y,z[,w]) triples [quadruplets] from standard inputyiziile(s)
and uses a nearest neighbor algorithm to assigmesage value to each node thatdane or more points
within a radius centered on the node. Therage value is computed as a weighted mean of the nearest
point from each sector inside the search raditse weighting function used isw(r)=1/(1 +d " 2), where
d = 3 * r / search_radius and r is distance from the node. This weight is modulated by theatitnserv
points’ weights [if supplied].

xyzfile(s)

GMT4.2.1

3 [or 4, see-W] column ASCII file(s) [or binarysee—b] holding (x,y,z[,w]) data &lues. Ifno file
is specifiednearneighborwill read from standard input.

Give the name of the output grid file.

x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaaly, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal ¥ inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrtbmber of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheveyaeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

The circular area centered on each node is dividedsatttorssectors. Aerage values will only
be computed if there is at least one value inside at mestsectorsof the sectors for a gin

node. Nodeshat fail this test are assigned the value Nal gee-E). If min_sectorss omitted,
each sector needs tovieaa least one value inside ifDefault is quadrant search, i.egctors=

min_sectors= 4]. Notethat only the nearest value per sector enters intovéiraging, not all al-

ues inside the circle.

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www/[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

Sets theseach radiusin same units as the grid spacing; appen indicate minutes arto indi-
cate secondsAppendk to indicate km (implies-R and-I are in degrees, and we will useastf
flat Earth approximation to calculate distancElx more accurag use uppercask if distances
should be calculated along geodesitkwever, if the currenELLIPSOID is set to Sphere then
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spherical great circle calculations are used.

OPTIONS

-E Set the value assigned to empty nodes [NaN].

-F Force pixel rgistration. [Deéult is grid registration].

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefwults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped. Not used with binary data.

-L Boundary conditiorflag may bex or y or xy indicating data is periodic in range of x or y or both
set by-R, or flag may beg indicating geographical conditions (x and y are lon and [&fault
is no boundary conditions].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

-W Input data hee a 4h column containing observation point weights. These are multiplied with the

geometrical weight factor to determine the actual weights used in the calculations.

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 3 (6iM i set) columns].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give mme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[i|o]g means-f[i|o]0x,1ly (geographic coordinates).

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create gridded files will internally hold
the grids in 4-byte floating point arrays. This is done to coeseemory and futhermore most if not all
real data can be stored using 4-byte floating pahtes. Datavith higher precision (i.e., double precision
values) will loose that precision once GMT operates on the grid or writes wugritss. To limit loss of
precision when processing data you shouldhgd consider normalizing the data prior to processing.

EXAMPLES
To ceate a gridded data set from the file seaMARCII yolath lat z using a 0.5 min grid, a 5 km search
radius, using an octant search, and set empty nodes to -9999:

nearneighbor seaMARCII_batk.lon_lat_z-R242/244/-22/-20-1.5m —-E-9999 —Gbathymetry.grd-S5k
-N8

To make a dobal gridded file from the data in geoid.xyz using a 1 degree grid, a 200 km search radius,
spherical distances, using an quadrant search, and set nodes to NaN only when fewer ghadramts
contain at least one value:

nearneighbor geoid.xyz—R0/360/-90/90-11 —L g —Ggeoid.grd-S200K —N4/2

SEE ALSO
blockmealil), blockmediafl), blockmodél), GMT(1), surfac€l), triangulatg1)
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NAME
project — project data along a line or great circle, generate a profile track, or translate coordinates.

SYNOPSIS
project [ infile ] —Ccxcy [ —Aazimuth] [ -Dd|g ] [ —Ebxby ] [ —Fflags] [ —Gdist] [ —H[i][nred ] [
—LIw][L_mivl_max ] [ -M[ilol[flag] 1 [ -N']1[ -Q 1[ =ST[ -Tpxpy] [ -V ][ ~-Ww_minw_max] [
=:[ilo]1[ —blilo][s|S|d|D][ncol ][ —f[i|o]colinfo]

DESCRIPTION
project reads arbitraryx, y, z]) data from standard input [@rfile ] and writes to standard outputyacom-
bination of &, y; z, p, q, I, $, where p, ¢ are the coordinates in the projection,d is the position in thex,
y) coordinate system of the point on the profde=(0 path) closest tox; y), andzis all remaining columns
in the input (beyond the requirgdandy columns). Alternatiely, project may be used to generate, p)
triples at equal incrementhst along a profile.In this case G option), no input is read. Projections are
defined in ap (but only) one of three ways: (Definition 1) By a Centé€® and an Azimuth-A in deggrees
clockwise from North. (Definition 2) By a Cente€ and end point E of the projection path. (Defini-
tion 3) By a Center-C and a roTation pole positionT. To spherically project data along a great circle
path, an oblique coordinate system is created which has its equator along that path, and the zero meridian
through the CenterThen the oblique longitude) corresponds to the distance from the Center along the
great circle, and the oblique latitudg) €orresponds to the distance perpendicular to the great circle path.
When moving in the increasing)(direction, (tavard B or in theazimuthdirection), the positie (q) direc-
tion is to your left. If a Pole has been specified, then the wo4giji direction is tavard the pole.
To ecify an oblique projection, use th@ option to set the Pole. Then the equator of the projection is
already determined and th€ option is used to locate the= 0 meridian. TheCentercx/cywill be taken
as a point through which the= 0 meridian passeslf you do not care to choose a particular point, use the
South pole ¢x= 0, oy = -90).
Data can be seleetlly windowed by using theL and-W options. If-W is used, the projection Width is
set to use only points witlh_min< g <w_max If —L is set, then the Length is set to use only those points
with |_min< p <|_max If the-E option has been used to define the projection, th&n may be selected
to windaw the length of the projection to exactly the span fforo B.
Flat Earth (Cartesian) coordinate transformations can also be rBatieN and remember thatzimuthis
clockwise from North (they axis), NO the usual cartesian theta, which is counterclockwise fronx the
axis. azimuth= 90 - theta.
No assumptions are madeyaading the units fok, y 1, s, p, g, dst, |_min, |_max, w_min, w_maxf —-Q is
selected, map units are assumedxngr, s must be in degrees apglq, dist, |_min, |_max, w_min, w_max
will be in km.
Calculations of specific great-circle and geodesic distances or for back-azimuths or azimuths are better
done usingnapproject.
project is CASE SENSITIVE.Use UPPER CASE for all one-letter designators which begin optianal ar
ments. Uséower case for the xyzpgrs letters-ifiags

-C cx/cysets the origin of the projection, in Definition 1 or 2. If Definition 3 is usdd, (thencx/cy
are the coordinates of a point through which the oblique zero mernma@)(should pass.

OPTIONS
infle  name of ASCII (or binarysee-bi) file(s) with 2 or more columns holding (§z}) data alues. If
no filenames are g&n, project will read from standard input. If theG option is selected, no
input data are read.

-F Specify your desired output usingyagombination ofxyzpgrs in any order Do not space
between the letters. Use lower case. The output will be ASCII (or bissgybo) columns of
values corresponding teyzpgrs[Default]. If both input and output are using ASCII format then
thezdata are treated aststring(s). Ifthe—G option is selected, the output will .

-A azimuthdefines the azimuth of the projection (Definition 1).

-D Set the location of the Discontinuity in longitudecfordinate).—Dd will place the discontinuity
at the Dateline, (-180 k< 180); -Dg will place it at Greenwich, (0 ¥ < 360). Defult usually
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falls at dateline due tatan2calls.
bx/bydefines the end point of the projection path (Definition 2).

dist Generate modelNo input is read. Create &, p) output points eery dist units ofp. See-Q
option.

Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should

have header records [Datilt will write out header records if the input dataenthem]. Blank lines

and lines starting with # arevadys skipped.

Length controls.Project only those points whopeoordinate is withinh_ min<p <I|_max If -E
has been set, then you may utev to stay within the distance fro@to E.

Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and—-Mo to give eparate settings.

Flat Earth. Make a Qartesian coordinate transformation in the plafieefault uses spherical
trigonometry.]

Map type units, i.e., project assumes; r, sare in degrees whilg, q, dist, |_min, |_max, w_min,
w_maxare in km. If-Q is not set, then all these are assumed to be in the same units.

Sort the output into increasiqgorder Useful when projecting random data into a sequential pro-
file.

px/pysets the position of the roTation pole of the projection. (Definition 3).
Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
Width controls. Project only those points whgamordinate is withiw_min< g <w_max

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is gien by —F or —-G].

Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give sme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanf[i|o]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES

To generate pointsvery 10km along a great circle from 10N,50W to 30N,10W:

project —C-50/10-E-10/30-G10-Q > great_circle_points.xyp

GMT4.2.1
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(Note that great_circle_points.xyp couldamnbe wsed as input fogrdtrack, etc. ).

To project the shiptrack gvity, magnetics, and bagimetry in c2610.xygmb along a great circle through an
origin at 30S, 30Wthe great circle having an azimuth of N20W at the origin, keeping only the data from
NE of the profile and within +/- 500 km of the origin, run:

project ¢2610.xygmb-C-30/-30—A-20 -W-10000/0-L-500/500-Fpz -Q > c2610_projected.pgmb

(Note in this example thatw-10000/0 is used to admityamalue with a lage ngaive g coordinate. This
will take those points which are on our right as walkvalong the great circle path, or to the NE in this
example.)

To make a Gartesian coordinate transformation of mydata.xy so that theorigin is at 5,3 and the mex
axis () makes an angle of 20 degrees with thexadatis, use:

project mydata.xy-C5/3 -A70-Fpq > mydata.pq

To take data in the file pacific.lonlat and transform it into oblique coordinates using a pole from the hotspot
reference frame and placing the oblique zero merigian((line) through Tabhiti, run:

project pacific.lonlat=T-75/68—-C-149:26/-17:3#Fpq > pacific.pq

Suppose that pacific_topo.grd is a grid file of patétry and you want to mak a fie of flowlines in the
hotspot reference frame. If you run:

grd2xyz pacific_topo.grd project —T-75/68-C0/-90-Fxyq | xyz2grd —Retc—-letc-Cflow.grd

then flav.grd is a file in the same area as pacific_topo.grd, butdbmtains the latitudes about the pole of
the projection. You now can use grdcontour on flogrd to drav lines of constant oblique latitude, which
are flav lines in the hotspot frame.

If you have an abitrarily rotation polepx/pyand you would like to daw an dlique small circle on a map,
you will first need to mak a fle with the oblique coordinates for the small circle (i.e., lon = 0-360, lat is
constant), then create a file withawecords: the north pole (0/90) and the origin (0/0), and find what their
oblique coordinates are using your rotation pdlew, use the projected North pole and origin coordinates
as the rotation pole and centexspectiely, and project your file as in the pacific example \ahoThis
gives coordinates for an oblique small circle.

SEE ALSO
fitcircle(1), GMT (1), mapprojectl), grdproject(1)
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NAME

ps2raster — Comrts one or seeral PostScriptfile(s) to other formats using GhostScript
SYNOPSIS

ps2rasterpsfile(s) —A ][ —Eresolution] [ —-Gghost_patH [ —-Llistfile] [ -N]1[ =P ][ —Telf|ijgim|t ]
DESCRIPTION

ps2rasterreads one or moneostScriptfiles (or a file with a list oPostScriptfilenames) and modifies the
page size in order that the resulting image willcha &ze determined by the BoundingBox. As an option,
a ight BoundingBox may be computed first.

psfiles Names ofPostScriptfiles to be cowerted. The output files will he the same name but with the
cornventional extension hame associated to the raster format (e.qg. .jpg forgHerjpat).

OPTIONS
-A Adjust the BoundingBox to the minimum required by the image content.
-E Set raster resolution in dpi [default = 720 for PBFO for others].
-G Full path to your ghostscripkecutable. NQE: For Unix systems this is generally not necessary

However, under Windows, GhostScript is not added to the systepath. So either you do it your
self, or gve the full path here. (e.g=Gc:\programs\gs\gs7.05\bin\gswin32c).

-L Thelistfile is an ASCII file with the names of tiRastScriptfiles to be coverted.

-N Do notremove auxiliary files (by default it does). Auxiliary files arailt using as base the input
PostScriptfiles and consist of:
psfile tmp.eps-> PostScriptwith a modified BoundingBox.
psfile tmp.bat -> script with the ghostscript command that does the job.
Use this option to s& the script and run it later with different settings.

-P Force Portrait mode. All Landscape mode plots will be rotated back so thiahtive unrotated in
Portrait mode. This is practical when werting to image formats or preparing EPS or PDF plots
for inclusion in documents.

-T Sets the output format, wheegeneans EPS,means PDH means JPEG means PNGmn means
PPM, and means TIF [default is JPEG]The EPS format can be combined witly aifithe other
formats. For example;Tef creates both an EPS and a PDF file.

NOTES
The cowersion to raster images (JPEG, PNG, PPM or TIF) inherently results in loss of details that are
awailable in the original PostScript file. Choose a resolution that is large enough for the application that the
image will be used foFor web pages, smaller dpalues suffice, for Word documents and PowerPoint pre-
sentations a higher dpi value is recommenga@raster uses the loss-less Flate compression technique
when creating JPEG, PNG and TIF images.

EPS is a gctor not a raster format. Therefore, thHe option has no effect on the creation of EPS files.
Using the optiornTe will remove PajeSize commands from tiRestSciptfile and will adjust the Bounding-
Box when theA option is used.

Although PDF is also a vector format, #ieoption has an effect on the resolution of pattern fills and fonts
that are stored as bitmaps in the documesfrastertherefore uses a larger default resolution when creat-
ing PDF files. In order to obtain high-quality PDF files, fepressoptions are in effect, allowing only
loss-less compression of raster images embedded in the PostScript file.

See Appendix C of th&dMT Technical Reference and Cookbookfor more information on he
ps2rasteris used to produce graphics that can be inserted into other documents (articles, presentations,
posters, etc.).

EXAMPLE
To corvert a the file psfile.ps to PNG using a tight BoundingBox and rotating it back to normal orientation
in case it was in Landscape mode:
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ps2rasterpsfile.ps-A -P -Tg

(This command assumes that ghostscript can be found in your s/pteim)

SEE ALSO
GMT(1)
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NAME
psbasemap —olplot PostScriptbasemaps

SYNOPSIS
psbasemap —Bp|s]parameters-Jparameters-Rwesteastsouttinorth[/zminzmaf[r] [ —~EazimutHeleva-
tion ] [ =Gfill ] [ -Jz|Zparameters | [ -K ] [

—L[f][x]lonU/latO[/slon)/slatlengtH m|n|k][: labeljust[ +ppe[+ffill] ] ][ —O1[ —P ][ -Ul/dx/dy/][label] ]
[ —T[flm][x]lonUlatO/sizd/info][:w,e,s,n:][+gint/minf]] 1 [ =V 1 [ —X[alc|r][x-shiffu]] 1 [ =Y[alc|r][y-

shiffu]] ] [ —Zzlevel] [ —ccopies]

DESCRIPTION
psbasemapcreates PostScript code that will produce a baserBageral map projections arevalable,
and the user may specify separate tickmark intervals for boundary annotation, ticking, and [optionally]
gridlines. Asimple map scale or directional rose may also be plotted.

-B

GMT4.2.1

Sets map boundary annotation and tickmark iaferv The format of tickinfo is
[plsIxinfd]/yinfo[/zinfd][:."Title™:][ WIW][E|e][SISI[NIn][Z|z[+]]. The leading p [Default] or s
selects the primary or secondary annotation information. Each of?itife sggments are
textstrings of the forninfo[:"Axis label":][:="prefix":][:,"unit label":]. Theinfo string is made up

of one or more concatenated substrings of the fommich]stridg+-phasé{u]. The optional
which can be eithern for annotation tick spacing [Deflt], f for frame tick spacing, and for
gridline spacing. If frame intea¥ is not set, it is assumed to be the same as annotatiorainterv
stride is the desired stride inteak The optional phaseshifts the annotation interval by that
amount. Theoptionalu indicates the unit of thstrideand can be gnof Y (year plot with 4 dig-

its), y (year plot with 2 digits),O (month, plot usinfPLOT_DATE_FORMAT), o (month, plot
with 2 digits),U (ISO week, plot usinLOT_DATE_FORMAT), u (ISO week, plot using 2 dig-
its), r (Gregorian week, 7-day stride from start of weHME_WEEK_START ), K (ISO week-
day, plot name of day)D (date, plot using?’LOT_DATE_FORMAT), d (day, plot day of month
0-31 or year 1-366, viaPLOT_DATE FORMAT), R (day same asd, digned with
TIME_WEEK_START ), H (hour, plot usingPLOT_CLOCK_FORMAT ), h (hour, plot with 2
digits), M (minute, plot usingPLOT_CLOCK_ FORMAT ), m (minute, plot with 2 digits)C
(second, plot using’LOT_CLOCK_FORMAT ), ¢ (second, plot with 2 digits). Note for geo-
graphic agsm andc instead mean arc minutes and arc seconds. All entities that are language-
specific are under control BYME_LANGU AGE. To oecify separate x and y ticks, separate the
substrings that apply to the x and yesxwith a slash [/] (If a 3-D basemap is selected wiland

-Jz, a third substring pertaining to theestical axis may be appended=pr linear/log/pever pro-
jections (Jx|X): Labels for each axis can be added by surrounding them with cdfaihe first
character in the label is a period, then the label is used as plot title; if it is a comma then the label
is appended to each annotation; if it is an equal sign (=) the the prefix is prepended to each annota-
tion (start label/prefix with - tovaid space between annotation and item); else it is the axis label.
If the label consists of more than onerd, enclose the entire label in double quotes (e.g., :"my
label™).

By default, all 4 boundaries are plotted (referred tévag, S, N). To change the default, append
the code for only those axes you want (eW§S for standard lwverleft x- and y-axis system).
Upper case (e.gW) means dra axis/tickmarks AND annotate it, whereasver case (e.gw)

will only draw axis/tickmarks. (Ifa 3D basemap is selected witlic and—-Jz, appendZ or z to
control the appearance of the vertical axis. Append '+’ tovdhe outline of the cube defined by
—R. Note that for 3-D views the title, if ggn, will be suppressed.)

For non-geographical projections: & regdive sale (in—Jx) or axis length (in—JX) to change

the direction of increasing coordinates (i.e., to entile y-axis positie down). For log1l0 aes:
Annotations can be specified in one of thregysv (1)stridecan be 1, 2, or 3. Annotations will
then occur at 1, 1-2-5, or 1-2-3-4-...-9, respelgti This option can also be used for the frame
and grid interals. (2)An | is appended to thickinfo string. Then]og10 of the tick alue is plot-

ted at gery integer logl10 &lue. (3)A p is appended to theickinfo string. Then,annotations
appear as 10 raised to log10 of the tiekue. For power ags: Annotations can be specified in one
of two ways: (1)stride sets the regular annotation intekv (2) A p is appended to theckinfo

100ct 2007 1



PSBASEMAP(1) GeneridMapping Dols PSBR\SEMAP(1)

string. Then,ithe annotation inteal is expected to be in transformed units, but the annotation
value will be plotted as untransformed units. E.gstifde= 1 and power= 0.5 (i.e., sqrt), then
equidistant annotations labeled 1-4-9... will appear.

These GMT parameters can affect the appearance of the map bodidld®T MIN_ANGLE ,
ANNOT_MIN_SPACING, ANNOT_FONT_PRIMARY , ANNOT_FONT_SECONDARY,
ANNOT_FONT_SIZE_PRIMARY , ANNOT_FONT_SIZE_SECONDARY, ANNOT_OFF-

SET_PRIMARY,, ANNOT_OFFSET_SECONDARY, BASEMAP_AXES,
BASEMAP_FRAME_RGB, BASEMAP_TYPE, DEGREE_FORMAT, FRAME_PEN,
FRAME_WIDTH , GRID_CROSS_SIZE_PRIMARY, GRID_PEN_PRIMARY ,

GRID_CROSS_SIZE_SECONDARY, GRID_PEN_SECONDARY, HEADER_FONT,
HEADER_FONT_SIZE, LABEL_FONT, LABEL_FONT_SIZE , LINE_STEP,
OBLIQUE_ANNO TATION, PLOT_CLOCK_FORMAT , PLOT_DATE_FORMAT,
TIME_FORMAT_PRIMARY , TIME_FORMAT_SECONDARY , TIME_LANGU AGE,
TIME_WEEK_START , TICK_LENGTH , TICK_PEN, and Y_AXIS_TYPE; see thegmtde-
faults man page for details.

-J Selects the map projection. The feliog character determines the projection. If the character is
upper case then the argument(s) supplied as scale(s) is interpreted to be the map width (or axis
lengths), else the scale argument(s) is the map scale (see its definition for each projection). UNIT
is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefults4, but this can be
overridden on the command line by appending or m to thescaldwidth values. Appench, +,
or - to the gven widthiif you instead want to set map height, the maximum dimension, or the mini-
mum dimension, respeetly [Default isw for width].

The ellipsoid used in the map projections is wefimable by editing the .gmtdefaults4 file in your
home directory63 cmmonly used ellipsoids and a spheroid are currently supported, and users
may also specify their own ellipsoid parameters (see man gmtdefaults for more d&HIIE).
default is WGS-84. Seral GMT parameters can affect the projecti&@hLIPSOID , INTER-
POLANT, MAP_SCALE_FACTOR, and MEASURE_UNIT ; see thegmtdefaults man page

for details.

Choose one of the following projections (Tl@r C after projection names stands for Equal-Area
and Conformal, respeutly):

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scaleor —JClon0/latO/width(Cassini).
Give projection centetonO/latOandscale(1:xxxx or UNIT/degree).

-Jjlon0O/scaleor —JJlonO/width(Miller Cylindrical Projection).
Give the central meridialon0 andscale(1:xxxx or UNIT/degree).

-JmparametergMercator[C]).
Specify one of:

—Jmscaleor ~-JMwidth
Give scalealong equator (1:xxxx or UNIT/degree).

—-Jmlon0/latO/scaleor —IMlon0/latO/width
Give central meridianlonO, sandard parallelatO, and scale along parallel
(1:xxxx or UNIT/degree).

—JoparametergOblique MercatofC]).
Specify one of:

—Jodon0/lat0/azimuth/scaler —JOalon0/lat0/azimuth/width
Set projection centdon0/lat0, azimuthof oblique equatgrand scale

—Joblon0/lat0/lon1/latl/scal®r —JOblon0/latO/lon1/latl/scale
Set projection centdonO/lat0, another point on the oblique equatonl/latl,
andscale
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—Jodon0O/latO/lonp/latp/scale®r —JOclon0/lat0/lonp/latp/scale
Set projection centdon0/lat0 pole of oblique projectiotonp/latp, and scale

Give scalealong oblique equator (1:xxxx or UNIT/degree).

-Jglon0/scaleor —JQlon0/width(Equidistant Cylindrical Projection (Plate Carree)).
Give the central meridialon0 andscale(1:xxxx or UNIT/degree).

—JtparametergTransverse Mercat¢c€]).
Specify one of:

—JtlonO/scaleor —JTlonO/width
Give the central meridialon0 andscale(1:xxxx or UNIT/degree).

-JtlonO/latO/scaleor —JTlonO/lat0/width
Give projection centetonO/latOandscale(1:xxxx or UNIT/degree).

—Juzone/scal®r —JUzone/width(UTM - Universal Transverse Mercatf]).
Give the UTM zone (A,B,1-60[C-X],Y,2)) andcale(1:xxxx or UNIT/degree).
Zones: If C-X not gien, prepend - or + to enforce southern or northern hemisphere con-
ventions [northern if south > 0].

—JylonO/lats/scaleor —JYlonO/lats/width(Basic Cylindrical ProjectioniE]).
Give the central meridiaton0, sandard paralldhts, and scale(1:xxxx or UNIT/degree).
The standard parallel is typically one of these (but can peaue):
45 - The Peters projection
37.4 - The Trystan Edwards projection
30 - The Behrman projection
0 - The Lambert projection

AZIMUTHAL PROJECTIONS:

Except for polar aspectsRw/e/s/n will be reset teRg. Use—R<...> for smaller regions.

—Jalon0/lat0/scaleor —JAlon0/latO/width(Lambert[E]).
lon0/latOspecifies the projection centdBive scaleas 1:xxxx oradius/lat whereradius
is distance in UNIT from origin to the oblique latituidé

—-Jelon0/lat0/scaleor —JElon0/latO/width(Equidistant).
lon0/latOspecifies the projection centdBive scaleas 1:xxxx oradius/lat whereradius
is distance in UNIT from origin to the oblique latituidé

—Jflon0/lat0O/horizon/scaler —JFlon0/latO/horizon/widtH{Gnomonic).
lon0/lat0 specifies the projection centdrorizonspecifies the max distance from projec-
tion center (in degrees, < 90Live scaleas 1:xxxx orradius/lat whereradiusis dis-
tance in UNIT from origin to the oblique latitu.

—Jglon0/latO/scaleor —JGlon0/latO/width(Orthographic).
lon0/latOspecifies the projection centdBive scaleas 1:xxxx oradius/lat whereradius
is distance in UNIT from origin to the oblique latituidé

—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scale or —-JGlon0/lat0/alti-
tude/azimuth/tilt/twist/Width/Height/wid{General Perspeut).
lon0/lat0 specifies the projection centedltitude is the height (in km) of the wigooint
above local sea ledl. If altitudeis less than 10, then it is the distance from the center of
the earth to the viewpoint in earth radiialfitude has a suix r then it is the radius from
the center of the earth in kilometemzimuthis measured to the east of north ofavieilt
is the upward tilt of the plane of projection il is negaive, then the viewpoint is cen-
tered on the horizonFurther specify the clockwisawist, Width, and Heightof the viev-
point in dgrees. Gie scaleas 1:xxxx orradius/lat whereradiusis distance in UNIT
from origin to the oblique latitudat.
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—Jdon0/lat0/scaleor —JSlon0/latO/width(General Stereograph|€]).
lon0/lat0 specifies the projection centeiGive scale as 1:xxxx (true at pole) or
lats/1:xxxx (true at standard paralleks) or radius/lat(radiusin UNIT from origin to the
oblique latituddat).

CONIC PROJECTIONS:

—Jblon0/lat0/lat1/lat2/scaler —JBlonO/latO/latl/lat2/width(Albers[E]).
Give mojection centeonO/lat0, two gandard parallel$atl/lat2, and scale (1:xxxx or
UNIT/degree).

-JdlonO/latO/lat1/lat2/scaleor —JDlon0/lat0/latl/lat2/width(Equidistant)
Give mrojection centeonO/lat0, two gandard parallel$atl/lat2, and scale (1:xxxx or
UNIT/degree).

—Jllon0O/latO/lat1/lat2/scaler —JL lonO/latO/lat1/lat2/width(Lambert[C])
Give aigin lon0O/lat0, two gandard parallelatl/lat2, and scalealong these (1:xxxx or
UNIT/degree).

MISCELLANEOUS PROJECTIONS:

—-Jhlon0O/scaleor —JHlonO/width(HammerE]).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—JilonO/scaleor —Jllon0/width(SinusoidalE]).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

=JK[f|s]lonO/scaleor —JK[f|s]lonO/width(Eckert IV (f) and VI (SYE]).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—Jnlon0/scaleor —JNlonO/width(Robinson).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

=Jrlon0O/scale-JRlon0/width(Winkel Tripel).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—Jvlon0/scaleor —JVIonO/width(Van der Grinten).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

—Jwlon0/scaleor ~JWIlonO/width(Mollweide [E]).
Give the central meridiaton0 andscalealong equator (1:xxxx or UNIT/degree).

NON-GEOGRAPHICAL PROJECTIONS:

-Jp[a]scald/origin][r|z] or —IP[a]width[/origin][r|z] (Polar coordinates (theta,r))
Optionally inserta after—Jp [ or —JP] for azimuths CW from North instead of directions
CCW from East [defult]. Optionallyappend drigin in degrees to indicate an angular
offset [0]). Finally, appendr if r is elevations in degrees (requires s >= 0 and n <= 90) or
z if you want to annotate depth rather than radiusdDiff Give scalein UNIT/r-unit.

—-Jxx-scalg/y-scalg or —IXwidth[/heigh] (Linear, log, and power scaling)
Give x-scale(1:xxxx or UNIT/x-unit) and/ory-scale(1:xxxx or UNIT/y-unit); or specify
width and/orheightin UNIT. y-scale=x-scaleif not specified separately and using 1:xxxx
implies that x-unit and y-unit are in meters. Usgaige <ale(s) to reerse the direction
of an axis (e.g., to va y ke positive dbwn). Optionally append tax-scale y-scale width
or heightone of the following:

d Data are geographical coordinates (in degrees).

I Take log10 of values before scaling.

ppower Raise values tpowerbefore scaling.

t Input coordinates are time relaito TIME_EPOCH .
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T Input coordinates are absolute time.

Default axis lengths (see gmtdefaults) can bekaed using—JXh (for landscape):-JXv
(for portrait) will swap the x- and y-axis lengthEhe GMT default unit for this installa-
tion is either cm or inch, as defined in the file share/gmt.confiet#m, you may change
this by editing your .gmtdefaults4 file(s) (run gmtdéfs to create one if you do notviea
it).

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

OPTIONS
No space between the option flag and the associated arguments.

-E Sets the viewpoirg’&imuth and eleation (for perspectie view) [180/90].

-G Select fill shade, color or pattern for the inside of the basemapaybea$ no fill color]. (See
SPECIFYING FILL below).

-Jz Sets the vertical scaling (for 3-D maps). Same syntadas
-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Draws a simple map scale centeredam/lat0. Use-Lx to specify x/y position instead. Scale is
calculated at latitudslat (optionally supply longitudslonfor oblique projections [Default is cen-
tral meridian]),lengthis in km [miles ifm is appended; nautical milesrifis appended]. UseLf
to get a "ng/" scale [Default is plain]. The dadilt label equals the distance unit (km, miles, nau-
tical miles) and is justified on top of the scale [t]. Change this by giving your own label (or - to
keep the dedult) and justification (I(eft), r(ight), t(op), b(ottom), and u(unit) - using the label as a
unit appended to all distance annotations along the scale). If you want to place a rectangle behind
the scale, specifpen and/orfill parameters with thep and +f modifiers. (SeeSPECIFYING
PENS and SPECIFYING FILL below).

-0 Selects Overlay plot mode [Default initializes avrot system].
-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

-T Draws a simple map directional rose centeredlar0/lat0. Use —Tx to specify x/y position
instead. Thesizeis the diameter of the rose, and optional label information can be specified to
override the default values of VEE, S, aad N (Gie : to suppress all labels). The default [plain]
map rose only labels norttse-Tf to get a "&ng/" rose, and specify whatnd of rose you vant
dravn. Thedefault [1] draws the te principal E-W N-S orientations, 2 adds thedwntermediate
NW-SE and NE-SW orientations, while 3 adds the eight minor orientations \ESEY NNW
SSE, NNE-SSWaend ENE-WSW For a magnetic compass rose, speeifyn. If given, info must
be the tvo parameterglec/dlabel wheredecis the magnetic declination amdhbelis a label for
the magnetic compass needle (specify -’ to format a label fftegh Then,both directions to
geographic and magnetic north are plotted [Default is geographic only]. If the north label = * then
a rorth star is plotted instead of the north lab&hnotation and tw levds of tick intervals for
geographic and magnetic directions are 10/5/1 and 30/gftee respecily; override these set-
tings by appending gintd/mint§. Color and pen attributes are &k from COLOR_BACK-
GROUND andTICK_PEN, respectiely, while label fonts and sizes follothe usual annotation,
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label, and header font settings.

-U Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

-Z For 3-D projections: Sets the zvd of the basemap [0].
—-C Specifies the number of plot copies. [Default is 1].

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|esi, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL
fill The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified amlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image. For 1-bit rasters: Bsi/patternfor inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transpareng. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a humerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

EXAMPLES
The following section illustrates the use of the options bingisome examples for theadable map pro-
jections. Notehow scales may be gen in seveal different ways depending on the projection. Also note
the use of upper case letters to specify map width instead of map scale.

NON-GEOGRAPHICAL PROJECTIONS
Linear x-y plot
To make a inear x/y frame with all aes, but with only left and bottom axes annotated, using xscale =
yscale = 1.0, tickingwery 1 unit and annotatingvery 2, and using xlabel = "Distance" and ylabel = "No of
samples", use

psbasemap —R/9/0/5-Jx1 —Bfla2:Distance:/:"No of samplesdieSn > linear.ps

Log-log plot
To make a bg-log frame with only the left and bottom axes, where the x-axis is 25 cm and annetated e
1-2-5 and the y-axis is 15 cm and annotateslyepower of 10 but has tickmarkseey 0.1, run

psbasemap —R/10000/1e20/1e25JX25cl/15¢c| —B2:Wavdength:/apf3:PowerWWS > loglog.ps

Power axes
To design an axis system to be used for a depth—sqrt(age) plot with depthepdmsitn, ticked and anno-
tated @ery 500m, and ages annotated at 1 4y, 9 ny etc, use
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psbasemap —R/100/0/5000-Jx1p0.5/-0.001-B1p:"Crustal age":/500:Depth: > power.ps

Pdar (theta,r) plot
For a base map for use with polar coordinates, where the radius from 0 to 1000 should correspond to 3 inch
and with gridlines and tickssery 30 degrees and 100 units, use

psbasemap —R/360/0/1000-JP6i —B30p/100 > polar.ps

CYLINDRICAL MAP PROJECTIONS
Cassini
A 10-cm-wide basemap using the Cassini projection may be obtained by

psbasemap —R0/50/20/35-JC35/28/1& —P -B5g5:.Cassini: > cassini.ps

Mercator [conformal]
A Mercator map with scale 0.025 inch/degree along equaatthishowing the length of 5000 km along the
equator (centered on 1/1 inch), may be plotted as

psbasemap —R0/180/-50/50-Jm0.025 —B30g30:.Mercator—-Lx 1i/1i/0/5000 > mercator.ps

Miller
A global Miller cylindrical map with scale 1:200,000,000 may be plotted as

psbasemap —Rg —Jj80/1:200000006B30g30:.Miller: > miller.ps

Obligue Mercator [conformal]
To ceate a page-size global oblique Mercator basemap for a pole at (90,30) with gridéineS8t
degrees, run

psbasemap —R/360/-70/70-Jodd/0/90/30/0.06dd —B30g30:."Obliqgue Mercator": > oblmerc.ps

Transverse Mercator [conformal]
A reqular Transverse Mercator basemap for some region may look like

psbasemap —®9:30/71:45/-17/-15:15Jt70/1:1000006-B15m:."Surnwey aea":—P > transmerc.ps

Equidistant Cylindrical Projection
This projection only needs the central meridian and se&ld5 cm wide global basemap centered on the
130E meridian is made by

psbasemap —R50/310/-90/96-JQ130/2% —B30g30:."Equidistant Cylindrical": > cyl_eqdist.ps

Universal Transverse Mercator [conformal]
To use this projection you must kwadhe UTM zone numbeivhich defines the central meridiaA. UTM
basemap for Indo-China can be plotted as

psbasemap —R5/5/108/20 —Ju46/1:10000006-B3g3:.UTM: > utm.ps

Basic Cylindrical [equal-area]
First select which of the cylindrical equal-area projections you want by deciding on the standard parallel.
Here we will use 45 dgees which gies the Peters projectiorA 9 inch wide global basemap centered on
the Pacific is made by

psbasemap —Rg —J¥80/45/9 —-B30g30:.Peters: > peters.ps

CONIC MAP PROJECTIONS
Albers [equal-area]
A basemap for middle Europe may be created by

psbasemap —R/90/25/55-Jb45/20/32/45/0.26 -B10g10:."Albers Equal-area": > albers.ps
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Lambert [conformal]
Another basemap for middle Europe may be created by

psbasemap —R/90/25/55-J145/20/32/45/0.1-B10g10:."Lambert Conformal Conic": > lambertc.ps

Equidistant
Yet another basemap of width 6 inch for middle Europe may be created by

psbasemap —R/90/25/55-JD45/20/32/45/6-B10g10:."Equidistant conic": > econic.ps

AZIMUTHAL MAP PROJECTIONS
Lambert [equal-area]
A 15-cm-wide global vie/ of the world from the vantage point -80/-30 will/githe following basemap:

psbasemap —Rg —JA80/-30/1% -B30g30/1515:."Lambert Azimuthal": > lamberta.ps

Fdlow the instructions for stereographic projection if you want to impose rectangular boundaries on the
azimuthal equal-area map but substituda for —Js.

Equidistant
A 15-cm-wide global map in which distances from the center (here 125/10y tpoant is true can be
obtained by:

psbasemap —Rg —JE25/10/1% -B30g30/1515:."Equidistant": > equi.ps

Gnomonic
A view of the world from the vantage point -100/40 out to a horizon of 60 degrees from the center can be
made using the Gnomonic projection:

psbasemap —Rg —JFL00/40/60/6—B30g30/1515:."Gnomonic"; > gnomonic.ps

Orthographic
A global perspectie from infinite distance) vig of the world from the vantage point 125/10 wilvgithe
following 6-inch-wide basemap:

psbasemap —Rg —J@&25/10/6 —-B30g30/15915:."Orthographic": > ortho.ps

General Perspectie
The -JG option can be used in a more generalized form, specifying altitude #®surface, width and
height of the vier point, and twist and tilt.A view from 160 km abee -74/41.5 with a tilt of 55 and
azimuth of 210 degrees, and limitting the viewpoint to 30 degrees width and height will product a 6-inch-
wide basemap:

psbasemap —Rg —J&74/41.5/160/210/55/30/30/6B5g1/591:."General Perspeut': > genper.ps

Stereographic [conformal]
To make a mlar stereographic projection basemap with radius = 12 cm to —60 degree latitude, with plot
title "Salinity measurements", using 5 degrees annotation/tick interval and 1 degree gridlines, run

psbasemap —R45/45/-90/-60-Js0/-90/12/-60 —B5g5:."Salinity measurements": > stereol.ps

To make a 2-cm-wide stereographic basemap for Australia from an arbitravwy paint (not the poles),
and use a rectangular boundawg nust give the pole for the ne projection and use theR option to indi-
cate the lwer left and upper right corners (in lon/lat) that will define our rectange.coose a pole at
130/-30 and use 100/-45 and 160/-5 as our corners. The command becomes

psbasemap -R00/-45/160/-6 —-JS130/-30/12 -B30g30/1915:."General Stereographic iew": >
stereo2.ps
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MISCELLANEOUS MAP PROJECTIONS
Hammer [equal-area]
The Hammer projection is mostly used for global maps and thus the spherical form iSaugetla world
map centered on Greenwich at a scale of 1:200000000, use

psbasemap —Rg —Jh80/1:200000006:B30g30/1515:.Hammer: > hammer.ps

Sinusoidal [equal-area]
To make a snusiodal vorld map centered on Greenwich, with a scale along the equator of 0.02 gmeb/de
use

psbasemap —Rd —-J/0.02 -B30g30/15y15:."Sinusoidal"; > sinusl.ps

To make an hterrupted sinusiodal world map with breaks at 1609V, and 60E, with a scale along the
equator of 0.02 inch/degree, run the following sequence of commands:

psbasemap —R160/-20/-90/90-Ji-90/0.02 -B30g30/1515Wesn —K > sinus_i.ps
psbasemap —R20/60/-90/90-Ji20/0.02 -B30g30/1515wesn —O —K —X2.8 >> sinus_i.ps
psbasemap —®0/200/-90/90-Ji130/0.02 -B30g30/1515wEsn —O —X1.6 >> sinus_i.ps

Eckert IV [equal-area]
Pseudo-cylindrical projection typically used for global maps.o8ét the central longitude and scale, e.g.,

psbasemap —Rg —JKE80/0.064 —-B30g30/1515:."Eckert IV": > eckert4.ps

Eckert VI [equal-area]
Another pseudo-cylindrical projection typically used for global maps. o&y the central longitude and
scale, e.g.,

psbasemap —Rg —Jk&80/0.064 —B30g30/15y15:."Eckert VI": > eckert6.ps

Robinson
Projection designed to malgobal maps "look right". Set the central longitude and width, e.g.,

psbasemap —Rd —-JN/8 —B30g30/1515:."Robinson"; > robinson.ps

Winkel Tripel
Yet another projection typically used for global maps orfpu can set the central longitude, e.g.,

psbasemap —R0/450/-90/90-JR270/2% -B30g30/15915:."Winkel Tripel": > winkel.ps

Mollweide [equal-area]
The Mollweide projection is also mostly used for global maps and thus the spherical form iSaugeta
25-cm-wide world map centered on the Dateline:

psbasemap —Rg —JV¥80/2% -B30g30/15915:.Mollweide: > mollweide.ps

Van der Grinten
The Van der Grinten projection is also mostly used for global maps and thus the spherical formTe used.
get a 7-inch-wide world map centered on the Dateline:

psbasemap —Rg —J¥80/4 —B30g30/1515:."Van der Grinten": > grinten.ps

RESTRICTIONS
For some projections, a spherical earth is implicitly assum&davarning will notify the user if-V is set.
Also note that plot titles are not plotted-i is given.

BUGS
The -B option is somewhat complicated to explain and comprehkiosvever, it is fairly simple for most
applications (see examples).
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SEE ALSO
gmtdefaultél), GMT(1)
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NAME
psclip — 1 st up polygonal clip paths

SYNOPSIS
psclip xyfiles—Jparameters-Rwesteastsouthinorthr] [ —B[p|s]parameterd [ —Eazimelev][ -K ][ =N ]
[ -M[flag ][ -O ][ -P ][ -Ul/dxdy/[label ] [ -V ] [ —X[alc|r][x-shiffu]] ] [ —Y[alclr][y-shiffu]] ] [
—Zzlevel] [ —ccopie§ [ —:[ilo] ][ —bi[s|S|d|D][ncol ][ —fcolinfo]

psclip -C[-K ][ -O]

DESCRIPTION
psclip reads (x,y) file(s) [or standard input] and draws polygons that axgtadtias clipping pathsSev-
eral files may be read to create comygaths consisting of seral non-connecting ggnents. Asan option
(-=N), the user may choose toveese the sense of what is the inside and outside of the paths. After subse-
guent plotting, which will be clipped against these paths, the clipping may beveeaichiy runningpsclip
a econd time with the-C option only.

xyfiles ASCII [or binary see-b] file(s) with (X,y) alues for clip polygons. If no files arevgn, the stan-
dard input is read.

-C Mark end of existing clip path. No input file or projection information are needed.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tiMEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, apgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jjlon0/scaleg(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalgEquidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—-Jglon0/latO/scalgOrthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scaléAlbers)

-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/latO/lat1/lat2/scaléLambert)
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MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
—JrlonO/scale(Winkel Tripel)
-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

No space between the option flag and the associated arguments.

GMT4.2.1

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Sets the viewpoirg’&imuth and eleation [180/90].

Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines

and lines starting with # arevadys skipped.

More PostScriptcode will be appended later [Default terminates the plot system].

Multiple segment file. Segments are separated by a record whose first charactdtags>.
[Default is ">"].

Invert the sense of what is inside and outside, i.e., use the outside of the polygons for clipping.
Selects Overlay plot mode [Default initializes avrot system].
Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which

will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Shift plot origin relatre o the current origin byx¢shift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
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or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

-Z For 3-D projections: Sets the zvd of the polygons [0].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

—-C Specifies the number of plot copies. [Default is 1].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[i|o]g means-f[i|o]0x,1ly (geographic coordinates).

EXAMPLES

To make an werlay PostScriptfile that will set up a compleclip area to which subsequent plotting will be

confined, run:

psclip my_region.xy—R0/40/0/40-Jm0.3 -O —-K > clip_mask_on.ps
To deactvate the clipping in an existing ploffile, run:

psclip —-C —O>> complex_plot.ps

BUGS
psclip cannot handle polygons that contain the south or north gadesuch polygons, you should split
them into two and male each explicitly contain the polar pointhe two dip polygons will combine to gie
the desired effect.

SEE ALSO
GMT(1), grdmasK1), psbasemad), psmaskl)
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NAME
pscoast — @ plot land-masses, water-masses, coastlines, bordersyarsd ri

SYNOPSIS
pscoast —parameters-Rwesteastsouttinorthr] [ —Amin_ared/min_level/max_levE] [ —B[p|s|parame-
ters] [ —Cfill ][ —Dresolution] [ —Eazimuth/elevation [ —Gfill|c] [ —Iriver[/per ] [ —Jz|Zparameter] [
-K 1 [ -L[fl[x]lon0UlatO[/slor/slatlengti m|n|k][: labeljust[+pped[+ffill] ] 1 [ —O ] [ —-M[flag] ] [
—Nbordef/ped ][ -O1[ -P]1[ -Q ][ —=fillic][ —T[fIm][x]lonU/lat0/sizd/info][:w,e,s,n:][+gint]/minf] ] [
=Ul/dxdy/[labell 1 [ =V 1 [ -Wpen] [ —X[alc|r][x-shiffu]] 1 [ —Y[alc|r][y-shiffu]] ] [ —Zzlevel] [
—ccopies] [ —bo[s|S|d|D][ncoll ]

DESCRIPTION
pscoastplots grayshaded, colored, or textured land-masses dtermasses] on maps and [optionally]
draws coastlines, vers, and political boundariesAlternatively, it can (1) issue clip paths that will contain

all land or all vater areas, or (2) dump the data to an ASCII table. The datafiles come in 5 different resolu-

tions: f)ull, (h)igh, ()ntermediate,lfow, and ()rude. Thefull resolution files amount to more than 55 Mb

of data and pnide great detail; for maps of larger geographical extent it is more economical to use one of

the other resolutionsif the user selects to paint the land-areas and does not specify fidtefaneas then
the latter will be transparent (i.e., earlier graphicsvdran those areas will not ber@written). Likewise,

if the waterareas are painted and no land fill is set then the land-areas will be transpameay. projec-
tion must be supplied. THeostScriptcode is written to standard output.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, appenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/lat0/scalgCassini)

=Jjlon0/scale(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
—JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalg Equidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalg(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-Jdlon0/latO/lat1/lat2/scal€Equidistant)
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=JllonO/latO/lat1/lat2/scaléLambert)
MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—Jnlon0/scale(Robinson)
-JrlonO/scale(Winkel Tripel)
-JvlonO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

No space between the option flag and the associated arguments.

-A

GMT4.2.1

Features with an area smaller tham_areain km"2 or of hierarchical il that is lower than
min_level or higher thanmax_levelwill not be plotted [Default is 0/0/4 (all features)]. See
DATABASE INFORMATION beleov for more details.

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Set the shade, coloor pattern for lalkes [Defult is the fill chosen for "wet" areasS)]. (See
SPECIFYING FILL below).

Selects the resolution of the data set to ugall((h)igh, ()ntermediate,ljow, and ()rude). The
resolution drops dby 80% between data sets [Default]is

Sets the viewpoirg’&imuth and eleation (for perspectie view) [180/90].

Select filling or clipping of "dry" areasAppend the shade, cojaor pattern (see SPECIFYING
FILL below); or use-Gc for clipping [Default is no fill].

Draw rivers. Specifythe type of wers and [optionally] append pen atuites [Defult pen: width
=1, wlor = black, texture = solid]. (See SPECIFYING PENS below).
Choose from the list ofver types bela.. Repeat optior-| as often as necessary.
1 = Permanent major vers
2 = Additional major nvers
3 = Additional rivers
4 = Minor rivers
5 = Intermittent nvers - major
6 = Intermittent nvers - additional
7 = Intermittent nvers - minor
8 = Major canals
9 = Minor canals
10 = Irrigation canals
a = All rivers and canals (1-10)
r = All permanent riers (1-4)
i = All intermittent rivers (5-7)
¢ = All canals (8-10)
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Sets the vertical scaling (for 3-D maps). Same syntaJdas
More PostScriptcode will be appended later [Default terminates the plot system].

Draws a simple map scale centeredam/lat0. Use-Lx to specify x/y position instead. Scale is
calculated at latitudslat (optionally supply longitudslonfor oblique projections [Default is cen-

tral meridian]),lengthis in km [miles ifm is appended; nautical milesrifis appended]. UseLf

to get a "ng/" scale [Default is plain]. The deadilt label equals the distance unit (km, miles, nau-

tical miles) and is justified on top of the scale [t]. Change this by giving your own label (or - to
keep the dedult) and justification (I(eft), r(ight), t(op), b(ottom), and u(unit) - using the label as a
unit appended to all distance annotations along the scale). If you want to place a rectangle behind
the scale, specifpen and/orfill parameters with thep and +f modifiers. (SeeSPECIFYING

PENS and SPECIFYING FILL below).

Dumps a single multisegment ASCII (or binasge —bo) file to standard output. No plotting
occurs. Specifyany combination of-W, —I, —N. Optionally, you may append thigag character
that is written at the start of each segment header ['>'].

Draw political boundaries.Specify the type of boundary and [optionally] append pen at&dh
[Default pen: width = 1, color = black, texture = solid]. (See SPECIFYING PENSvhel&ee
SPECIFYING PENS below).
Choose from the list of boundaries heloRepeat optior-N as often as necessary.

1 = National boundaries

2 = Sate boundaries within the Americas

3 = Marine boundaries

a = All boundaries (1-3)

Selects Overlay plot mode [Default initializes avrot system].
Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].
Mark end of existing clip path. No projection information is needed.

Select filling or clipping of "wet" areas. Append the shade, colopattern (see SPECIFYING
FILL below); or use-Scfor clipping [Default is no fill].

Draws a simple map directional rose centeredlar0/lat0. Use —Tx to specify x/y position
instead. Thesizeis the diameter of the rose, and optional label information can be specified to
override the default values of VEE, S, aad N (Give : to suppress all labels). The default [plain]
map rose only labels norttse-Tf to get a "&ng/" rose, and specify whatnd of rose you vant
dravn. Thedefault [1] draws the te principal E-W N-S orientations, 2 adds thedwntermediate
NW-SE and NE-SW orientations, while 3 adds the eight minor orientations \&SEY NNW

SSE, NNE-SSWaend ENE-WSW For a magnetic compass rose, speeifyn. If given, info must

be the tvo parameterglec/dlabel wheredecis the magnetic declination awdhbelis a label for

the magnetic compass needle (specify -’ to format a label fftegh Then,both directions to
geographic and magnetic north are plotted [Default is geographic only]. If the north label = * then
a rorth star is plotted instead of the north lab&hnotation and tw levds of tick intervals for
geographic and magnetic directions are 10/5/1 and 30/gftee respecily; override these set-
tings by appending gintd/mint§. Color and pen attributes are taken fra@OLOR_BACK-
GROUND andTICK_PEN, respectiely, while label fonts and sizes follothe usual annotation,
label, and header font settings.

Draw Unix System time stamp on plot. User may specify where therl@eft corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Draw coastlines [Default is no coastlines]. Append pen atteép [Deéults: width = 1, color =
black, texture = solid]. (See SPECIFYING PENS below).
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—X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

For 3-D projections: Sets the zvd of the coastlines [0].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

Specifies the number of plot copies. [Default is 1].

SPECIFYING PENS

pen

The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|esi, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL

fill

The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified amlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image. For 1-bit rasters: Bsi/patternfor inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transpareng. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR

color

EXAMPLES

The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0—-1; or c/m/y/k, each in range 0-100%).

To plot a green Africa with white outline on blue background, with permanent magns in thick blue
pen, additional major vers in thin blue pen, and national borders as dashed lines on a Mercator map at
scale 0.1 inch/degree, use

pscoast —R30/30/-40/40-Jm0.1i —B5 —11/1p,blue-12/0.25p,blue-N1/0.25p,--W0.25p,white—-Ggreen
—Sblue-P > &frica.ps

To plot Iceland using the Y& pattern (# 28) at 100 dots per inch, on a Mercator map at scale lgce@de

run

pscoast —R30/-10/60/65-Jm1c -B5 —-Gp100/28 > iceland.ps

To initiate a clip path for Africa so that the subsequent colorimage of gridded toppigaplty seen ver
land, using a Mercator map at scale 0.1 inch/degree, use

pscoast —R30/30/-40/40-Jm0.1i -B5 -Gc¢ —-P —K > dfrica.ps
grdimage —Jm0.1i etopo5.grd-Ccolors.cpt-O —K >> africa.ps
pscoast —Q —O>> africa.ps

DATABASE INFORMATION
The coastline database is GSHHS which is compiled frommsbwrces: World Vector Shorelines (WVS)
and CIA World Data Bank Il (WDBII).In particular dl level-1 polygons (ocean-land boundary) are
derived from the more accurate WVS while all highevdepolygons (leel 2-4, representing land/lak

GMT4.2.1
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lake/island-in-lak, and island-in-lad(lake-in-island-in-la& boundaries) are taken from WDBIIMuch
processing has taken place towhWVS and WDBII data into usable form f&MT : assembling closed
polygons from line sgments, checking for duplicates, and correcting for crossings between polyiduns.
area of each polygon has been determined so that the user may choose noféatdras smaller than a
minimum area (seeA); one may also limit the highest hierarchicaleleof polygons to be included (4 is
the maximum). The 4 lger-resolution databases were aed from the full resolution database using the
Douglas-Peuddr line-simplification algorithm. The classification oferis and borders folle that of the
WDBII. SeetheGMT Cookbook and Technical Reference Appendix K for further details.

pscoastwill first look for coastline files in director§GMT_SHAREDIR /coast If the desired file is not
found, it will look for the file$GMT_SHAREDIR /coastline.conf. Thidile may contain annumber of
records that each holds the full pathname of an altgendtectory Comment lines (#) and blank lines are
allowed. Thedesired file is then sought for in the alternate directories.

BUGS
The options to fill {C -G -9 may not alvays work if the Azimuthal equidistant projection is chosen
(-Je|B). If the antipole of the projection is in the oceans it will mosljikvork. If not, try to &oid using
projection center coordinates that averemultiples of the coastline bin size (1, 2, 5, 10, and 20 degrees for
f, h, i, |, c, respectiely). Thisprojection is not supported for clipping.
The political borders are for the most part 1970ies-style and do not reflect the recent border rearrangements
in Europe. We intend to update these as high-resolution data becegit@bde to us.
Some users gbscoastwill not be satisfied with what tlgefind for the Antarctic shoreline. In Antarctica,
the boundary between ice and ocean varies seasonally andrinteally There are some areas of perma-
nent sea ice. In addition to these tingying ice-ocean boundaries, there are also ice grounding lines
where ice goes from floating on the sea to sitting on land, and lines delimiting areas of rock dtdcrop.
consistencys sake, we hae wsed the World Vector Shoreline throughout the world in pscoast, as described
in the GMT Cookbook Appendix K. Users who need specific boundaries in Antarctica should get the
Antarctic Digital Database, prepared by the British Antarctic giScott Polar Research Institute ,ovid
Conseration Monitoring Centre, under the auspices of the Scientific Committee on Antarctic Research.
This data base contains various kinds of limiting lines for Antarctica andhilatde on CD-FROM. It is
published by the Scientific Committee on Antarctic Research, Scott Polar Research Institute, Lensfield
Road, Cambridge CB2 1ER, United Kingdom.

SEE ALSO
gmtdefaultél), GMT(1), grdlandmaskl), pshasemafl)
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NAME
pscontour — Contour xyz-data by direct triangulation [method]

SYNOPSIS
pscontour xyzfile—Ccptfile ~Jparameters-Rwesteastsouthinorth[r] [ —A[-][labelinfq ] [ —B[p|s]param-
eters] [ —-D[dumpfilg@ ] [ —Eview_azview_el] [ —G[d|f|n]l|L [x|X]params] [ —H[i][nred ][ =I ][ -K ][
-Lpen] [ -M[flag ][ -N][ -O][ -P][ —=S][ —-Tindexfile] [ —U[/dxdy/][labell ][ -V ][ -W[+]pen] [
=X[alclr][x-shif{u]] ] [ -Y[alclr][y-shif{u]] ] [ —ccopies] [ —:[ilo] ] [ —blilo][s|Sld|D][ncol] ]

DESCRIPTION
pscontour reads an ASCII [or binary] xyz-file and produces @ @ntour plot by triangulation.By
default, the optimal Delaunay triangulation is performed (using eithew@he's [1996] or Watson'’s
[1982] method as selected duri@MT installation; typepscontour —to see which method is selected),
but the user may optionally provide a second file with ngkwnformation, such as a triangular mesh used
for finite element modelingln addition to contours, the area between contours may be painted according
to the color palette file.

xyzfile Raw ASCII (or binary see-b) xyz data to be contoured.

-C name of the color palette file. Mustuveadscrete colors if you want to paint the surfae¢).(
Only contours that ha anotation flags set will be annotated.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMEEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, appgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jjlon0/scale(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—JtlonO/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalg Equidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scal€Albers)

-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/lat0/lat1/lat2/scaléLambert)
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MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—Jnlon0/scale(Robinson)
-Jrlon0O/scale(Winkel Tripel)
-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; tHeis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

No space between the option flag and the associated arguments.

-A

GMT4.2.1

Give - D disable all annotationsThe optionalabelinfo controls the specifics of the label format-
ting and consists of a concatenated string made upyaifahe following control arguments:

+aangle
For annotations at a fixed angtean for line-normal, or+ap for line-parallel [Default].

+cdX{/dy]
Sets the clearance between label and optional text Appendc|iim|p to specify the
unit or % to indicate a percentage of the label font size [15%].

+d Turns on debug which will dve helper points and lines to illustrate thenkings of the
guoted line setup.

+ffont Sets the desired font [DefaddlNNOT_FONT_PRIMARY ].

+g[color]
Selects opaque text boxes [Default is transparent]; optionally specify the colauliDef
PAGE_COLOR]. (SeeSPECIFYING COLOR below).

+jjust Sets label justification [Default is CM]. Ignored when -SqN|n+|-1 is used.

+kcolor
Sets color of text labels [Dafdilt is COLOR_BACKGROUND]. (SeeSPECIFYING
COLOR below).

+llabel Sets the constant label text.
+Lflag Sets the label text according to the specified flag:

+Lh Take te label from the current multigment header (first scan for an embedded
—Llabel option, if not use the first evd following the segment flag)For

100ct 2007 2



PSCONTDUR(1) GeneridMapping Dols PSCONDUR(1)

multiple-word labels, enclose entire label in double quotes.

+Ld Take the Cartesian plot distances along the line as the label; agfignpb as
the unit [Default IIMEASURE_UNIT].

+LD  Calculate actual map distances; appafjd|kim|n as the unit [Default is
d(egrees), unless label placemerasabased on map distances along the lines in
which case we use the same unit specified for that algorithm]. Requires a map
projection to be used.

+Lf Use text after the 2nd column in theé€fik label location file as the label.
Requires the fixed label location setting.

+Lx As +Lh but use the headers in thdile.d instead. Requirethe crossing file
option.

+ndx/dy]
Nudges the placement of labels by the specified amount (agfign{p to specify the
units). Incrementsire considered in the coordinate system defined by the orientation of
the line; userN to force increments in the plot x/y coordinates system [no nudging].

+0 Selects rounded rectangulakttéox [Default is rectangular]. Not applicable for cenv
text (+v) and only makes sense for opaque text boxes.

+p[peri
Draws the outline of te boxsets [Default is no outline]; optionally specify pen for out-
line [Default is width = 0.25p, color = blackxtare = solid]. (See SPECIFYING PENS
below).

+rmin_rad
Will not place labels where the ligefadius of curvature is less tharin_rad[Default is
0].

+ssize Sets the desired font size in points [Default is 9].

+uunit Appendsunitto all line labels. lunit starts with a leadingyipen (-) then there will be no
space between label value and the unit. [Default is no unit].

+v Specifies curved labels following the path [Default is straight labels].
+w Specifies ha mary (X, y) points will be used to estimate label angles [Default is 10].
+=prefix

Prependprefixto all line labels.If prefix starts with a leading hypen (-) then there will
be no space between label value and the prefix. [Default is no prefix].

-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.
-D Dump the (x,y,z) coordinates of each contour to separate files, one for each camumntséhe

files will be namediumpfile_cont_segment[.Xlyz, wherecontis the contour value arsegmenis
a running sgment number for each contour interval (for closed contours we apperidowéver,
when-M is used in conjunction withD a sngle multisegment file is created instead.

-E Sets the vie point by specifying azimuth and &ktion in degrees. [Default is 180/90].
-G Controls the placement of labels along the contours. Choose amemgrfixolling algorithms:

—Gddisfc|ilm|p] or—-GDdist{d|e|k|m|n]
For lower cased, give distances between labels on the plot in your preferred measure-
ment unitc (cm), i (inch), m (meter), orp (points), while for upper cade, specify dis-
tances in map units and append the unit; choose ae@ng k (km), m (mile), n (nauti-
cal mile), ord (spherical dgree). [Defult is 1@ or 4i].
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—Gfffile.d
Reads the ascii filffile.d and places labels at locations in the file that matches locations
along the contours. Inexact mathces and points outside the region are skipped.

—-Gl|Lline]],line2,...]
Give start andstopcoordinates for one or more comma-separated straight meesgs.
Labels will be placed where these lines intersect the contours. The format dineach
specification isstart/stop wherestart and stop are either a specified poitdn/lat or a
2-characterXY key that uses the justification format employedpstext to indicate a
point on the map, gyen as LCR][BMT]. —GL will interpret the point pairs as defining
great circles [Default is straight line].

-Gnn_label
Specifies the number of equidistant labels for contours lineUpper case-GN starts
labeling exactly at the start of the line [Reft centers them along the linekGN-1
places one justified label at start, whil&N+1 places one justified label at the end of
contours. Optionallyappend min_disfc|iim|p] to enforce that a minimum distance sepa-
ration between successilabels is enforced.

-Gx|Xxfile.d
Reads the multi-segment fitéile.dand places labels at the intersections between the con-
tours and the lines xfile.d —GX will resample the lines first along great-circle arcs.
In addition, you may optionally appengdiugc|iim|p] to set a minimum label separation in the x-y plane
[no limitation].

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

= Color the triangles using the color palette table.
-Jz Sets the vertical scaling (for 3-D maps). Same syntaJdas
-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Draw the underlying triangular mesh using the specified pen attributeabef no mesh](See
SPECIFYING PENS below).

-M When used in conjunction withD a dngle multisegment file is created, and each contour section
is preceded by a header record whose first colurftagfollowed by the contour {edl.

-N Do NOT clip contours or image at the boundaries [Default will clip to fit inside regijn

-0 Selects Overlay plot mode [Default initializes avrot system].

-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

-S Skip all inputxyzpoints that fall outside the region [Default uses all the data in the triangulation].

-T Give rame of file with network information. Each record must contain triplets of node numbers
for a triangle [Default computes these using Delaunay triangulatiotrigegulate)].

-U Draw Unix System time stamp on plot. User may specify where therléeft corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Select contouring and set contour pen aiteb. Ifthe+ flag is set then the contour lines are col-
ored according to the cpt file (se€). (SeeSPECIFYING PENS below).

—X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
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or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the progripefault is 3 input columns]. Use 4-byte igts
triplets for node ids~T).

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8& or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 3 output columns].

—-C Specifies the number of plot copies. [Default is 1].

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|es, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified afich eolor name (from the systesn’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).
EXAMPLES
To make a aw @ntour plot from the file topo.xyz and #rimg the contours (pen = 2)wgh in the color
palette file topo.cpt on a Lambert map at 0.5 inch/degree along the standard parallels 18 and 24, use

pscontourtopo.xyz—R320/330/20/36-J118/24/0.% —Ctopo.cpt-W0.50 > topo.ps

To aeate a coloPostScriptplot of the numerical temperature solution obtained on a triangular mesh whose
node coordinates and temperatures are stored in temp.xyz and mesh arrangementhbyg tje file
mesh.ijk, using the colors in temp.cpt, run

pscontourtemp.xyz—R0/150/0/100-Jx0.1 -Ctemp.cpt-G -WO0.25 > temp.ps

BUGS
Sometimes there will appear to be thin lines of the wrong color in the image. This is a roprubleim
which may be remedied by using a higher valuB@OTS_PR_INCH in the .gmtdefaults4 file.

SEE ALSO
GMT(1), grdcontour1), grdimage(1l), nearneighbo(l), psbasemafl), psscal€l), surfac€l), triangu-
late(1)

REFERENCES
Watson, D. F., 1982, Acord: Automatic contouring ofrrdata,Comp. & Geosci., 87-101.
Shavchuk, J. R., 1996, riangle: Engineering a 2D Quality Mesh Generator and Delaunapgulator,
First Workshop on Applied Computational Geometry (Philadelphia, PA), 124-133, ACM, May 1996.
www.cs.cmu.edu/~quake/triangle.html
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NAME
pshistogram — Bin data and plot histograms

SYNOPSIS
pshistogram file —Jx|Xparameters-Wbin_width[ —A ] [ —B[p|s|parameters] [ [ —Ccptfile] ] [ —Eaz-
imuthlelevation] [ -F ] [ =Gfill ][ —H[i][nred ][ —Jz|Zparameterd [ —I[0]O] ][ =K ][ -Lpen] [ -O ]|
-P]1[ -Q ][ —Rxminxmaxyminymaxr] ][ =S][ —Tcol ] [ —U[/dxdy/][labell ][ =V ][ =X[alc|r][x-
shiffu]] 1 [ =Y[alc|r][y-shiffu]] ][ —Ztype] [ —ccopies] [ —bi[s|S|d|D][ncol ] [ —f[ilo]colinfo]

DESCRIPTION
pshistogramreadsfile [or standard input] andxamines data columeol to calculate histogram parameters
based on the bin-width prised. Usingthese parameters, scaling, and optional range parameters it will
generatdostScriptcode that plots a histogramh cumulative histogram may also be specified.

file ASCII [or binary see—b] datafile. If no file is gien, pshistogramwill read standard input.
=Jx xscale[/yscale]Linear scale(s) in distance unit/data unit).
-W Sets the bin width used for histogram calculations.

OPTIONS
No space between the option flag and the associated arguments.

-A Plot the histogram horizontally from x = 0 [Default is vertically fromy = 0].

-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

-C Give a olor palette file. The mid x-value for each bar is used to look-up the bar color.

-E Sets the viewpoirg’&imuth and eleation (for perspectie view) [180/90].

-F Center bin on each value. [Default is left edge].

-G Select filling of bars [Default is no fill]. (See SPECIFYING FILL below).

-H Input file(s) has Header record(sNumber of header records can be changed by editing your

.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped.

= Inquire about min/max x and y after binning. No plotting is doAppendo to output an ASCII
table of the resulting x,y data to stdoutlternatively, appendO to output all x,y bin dataven

wheny == 0.

-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Draw bar outline using the specified pen thicknef3efault is no outline]. (See SPECIFYING
PENS below).

-0 Selects Overlay plot mode [Default initializes avrot system].

-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].
-Q Draw a aumulative histogram.

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtgT[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
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type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults). If not given, pshistogramwill automatically find reasonablealues
for the region.

-S Draws a stairs-step diagram instead of histogram.
-T Specify which column to use for the histogram data. First column is 0 [O].
-U Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp

should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

-Z Choose between 6 types of histograms: 0 = counts [Default], 1 = frgqyemcent, 2 = log (1.0 +
count), 3 = log (1.0 + frequencpercent), 4 = logl0 (1.0 + count), 5 = log1l0 (1.0 + fre-
guency_percent).

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

—-C Specifies the number of plot copies. [Default is 1].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give amme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|esi, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL
fill The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified amlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image. For 1-bit rasters: Bsi/patternfor inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transpareng. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0—-1; or c/m/y/k, each in range 0-100%).
EXAMPLES
To draw a histogram of the data v3206.t containing seafloor depths, using a 250 meter bin width, center
bars, and dr& bar outline, use:

GMT4.2.1 100ct 2007 2



PSHISTOGRAM(1) GeneridMapping Tools PSHISDGRAM(1)

pshistogramv3206.t-JXh -W250-F -LP0.5 -V > plot.ps

If you knaw the distribution of your data, you may explicitly specify range and scélgs, to plot a his-
togram of the y-values (2nd column) in the file errors.xy using a 1 meter bin width, plot from -10 to +10
meters @ 0.75 cm/m, annotatery 2 m and 100 counts, and use black bars, run:

pshistogram errors.xy -W1 —R-10/10/0/0-Jx0.75/0.01c —B2:Error:/100:Counts=Gblack -T1 -V >
plot.ps

Since no y-range was specified, pshistogram will calculate ymaserinrecrements of 100.

BUGS
The—-W option does not yet work properly with time series data (ef@T). Thus,such variable inteals
as months and years are not calculatedtead, specify your interval in the same units as the current set-
ting of TIME_UNIT .

SEE ALSO
GMT(1), pshasemafi), psros€l), psxy(1)
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NAME
psimage - @ plot images (EPS files or Sun raster files) on maps

SYNOPSIS
psimageimagefile [ —-W[-]xlength/ylengtl | —Edpi ] [ —Cxpogypog/justify] ] [ —-Fpen] [ —G[f|b]color] [
=I1[ -K ][ =M ][ -Nnxred/nyred ][ —O1[ -P ][ —U[/dxdy/][label ][ =V ][ —X[alc|r][x-shif{u]] ] [
=Y[alcr][y-shiffu]] ] [ —ccopies]

DESCRIPTION
psimagereads an Encapsulat@dstScriptfile or a 1, 8, 24, or 32-bit Sun raster file and plots it on a map.
The image can be scaled arbitrgris;éd 1-bit raster images can be (1ydried, i.e., black pixels (on)
becomes white (off) and vice versa, or (2) colorized, by assigning different foreground and background col-
ors, and (3) made transparent where one of back- ayrtared is painted onhAs an @tion, the user may
choose to corert colored raster images to grayscale usingsTYIQ-transformation. Theiser may also
choose to replicate the image which, when preceded by appropriate clip paths, mdgmgéio custom-
designed fill patterns to be implemented (& mechanism offered in mo&MT programs is limited to
rasters smaller than 146 by 146).
imagefile
This must be an EncapsulatecstScript(EPS) file or a Sun raster file. An EPS file must contain
an appropriate BoundingBoXA raster file can hae a @pth of 1, 8, 24, or 32 bits. Old-style, Stan-
dard, Run-length-encoded, and RGB Sun raster files are suppQtieel: raster formats can be
corverted to Sun format via a variety of public-domain software (e.gverpmnv).

-E Sets the dpi of the image in dots per inch, or4e

-W Sets the size of the image in plot coordinates (inches, cm, #tapt given ylengthis set to
xlength* (ny/nx). If xlengthis negaive we wse the absolutealue and interpolate image to the
device resolution using the PostScript image opera&tiernatively, use-E.

OPTIONS
No space between the option flag and the associated arguments.

-C Sets position of the image in plot coordinates (inches, cm, etc.) from the current origin of the plot.
By default, this defines the position of thevér left corner of the image, but this can be changed
by specifying justification [0/0/LB].

-F Draws a rectangular frame around the image with tkengben [no frame]. (See SPECIFYING
PENS below).

-Gb  Sets background color (replace white pixel) for 1-bit image templates. Use - for trangganehc
set—Gf to the desired color). (See SPECIFYING COLOR below).

-Gf Sets foreground color (replace blacked)xfor 1-bit image templates. Use - for transpayeand
set—Gb to the desired color). (See SPECIFYING COLOR below).

= Invert image before plotting (1-bit images only). This is what is done when youGiBén other
GMT programs.

-K More PostScriptcode will be appended later [Default terminates the plot system].

-M Corvert color image to monochrome grayshades using the (television) YIQ-transformation.
-N Replicate the imagexrepin x andnyrepin y [Default is 1/1].

-0 Selects Overlay plot mode [Default initializes avrot system].

-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

-U Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.
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-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

—-C Specifies the number of plot copies. [Default is 1].

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|esi, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified kafich eolor name (from the systesn’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

EXAMPLES
To plot the image contained in the 8-bit raster file scanned_face.ras, scaling it to 8 by 10 cm, use

psimagescanned_face.radaN8c/10c > image.ps

To include an Encapsulated PostScript file tiger.eps with its upper right corner 2 inch to the right and 1 inch
up from the current location, andvesaits width scaled to 3 inches, use

psimagetiger.eps-C2i/1i/TR -W3i > image.ps

To replicate the image template 1_bit.ragroa 5 by 5 hch area, colorize it (brown background and red
foreground), and setting each piece to be 1 by 1 cm, use

psimagel_bit.ras-Gbbrown-Gfred—N5i/5i —W 1c > image.ps

SEE ALSO
GMT(1)
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NAME

pslegend — @ plot a map legend

SYNOPSIS

pslegendtextfile—D[x]lon/lat/width/heightjust —Jparameters-Rwesteastsouthinorth[r] [ -Cdx/dy ][ -F
][ =Gfill ][ =K ][ -Lspacing] [ -O1[ -P ][ —Yscripf] ] [ —U[/dxdy/[labell 1[ =V ][ —X[alc|r][x-
shiffu]] ] [ —ccopies] [ -Y[alc|r][y-shif{u]] ]

DESCRIPTION

pslegendwill make legends that can beverlaid on maps. It reads specific legend-related information from
an input file [or stdin].Because all the elements of the legend can already be created with other tools
(psxy, pstext) we use those tools by creating a batch job of commands thakemated to mak the final
PostScriptoverlay. Because of this process, the option exists to just output the script which can then be
fine-tuned manuallyUnless otherwise noted, annotations will be made using the annotation font and size
in effect.

textfile This file contains instruction for the layout of items in thgeled. EacHegend item is described
by a unique record. All records begin with a unique character that is common to all records of the
same kind. The order of the legend items is implied by the order of the red@dsifferent
record types are recognized, and the syntax for each of these records are presented below:

# Comment records
Records starting with # and blank lines are skipped.

B cptname offset heightptional argument$
The B record will plot a horizontal color hbasscalestyle in the middle, starting affsetfrom the
left edge, and of the ggn height You may add anadditional psscaleoptions from the list=A
-B-E -1 -L -M -N -S and-Z.

C textcolor
The C record specifies the color with which the remaining text is to be priteedolorcan be in
the formr/g/b, c/m/y/k or a ramed color.

D offset pen
The D record results in a horizontal line across tgerd. Thdine starts and stopsffsetunits
from the frame sides, and is drawn using the speqfied (See SPECIFYING PENS below).

Ggap The G record specifies a vertical gap of thexgiength. Inaddition to the standard unitis €, p)
you may use for lines.

H fontsize font Header
The H record plots a centered text string using the specified font parameters.

| imagefile width justification
Place an EPS or Sun raster image in the legend justified/eetathe current point.The image
width determines the size of the image on the page.

L fontsize font justification Label
The L record plots a (L)eft, (C)entered, or (R)ight-justifiext &ring using the specified font
parameters.

M slon- dat lengthf|p [ -Rw/e/s/n—Jparam]
Place a map scale in thegénd. Specifyslon slaf the point on the map where the scale applies
(slon is only meaningful for certain oblique projections. If not needed, you must specify -
instead)length the length of the scale in km (appandor n for miles or nautical miles), arfth
for fang/ or plain scale. If the-R —J supplied topslegendis different than the projection needed
for the scale, supply the optionaR -J settings as well. Note th&ngth can hae :label:just
appended, whefabel replaces the default label (unless - igeg) andjust (l|r|t|b) dictates where
the label is placed [Default 3. Useu to treat the label as distance units appended to each anno-
tation.
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N ncolums
Change the number of columns in the legend [1].

Sdx1 symbol size fill pen dx2 text
Plots the selected symbol with specified size, fill, and outline. The symbol is centdrddram
the left margin of the column, with the explanatory text stadix@from the magin. Use- if no
fill is required. Two psxy symbols front (f) and ector (v) require special attentiorYou must
prepend the length of the desired item to the rest of the symbol argument; this will be used inter
nally to set the correct fault or vector length and will be stripped before passinguheeats to
pSXYy.

> <paragraph mode header for pstext>
Start a ne text paragraph by specifying all the parameters neededp&test —M description).
Note thatpslegendknows what all those alues should be, so normally you carviethe entire
record (after >) blank. If you need to set at least one of the parameters dy@ctigust specify
all and set the ones you want toveat their default value to -.

T paragraph-text
One or more of these T records with text must foléfter the> record.

V offset pen
The V record draws a vertical line between columns (if more than one) using the sebedtee
SPECIFYING PENS belg). offsetis analogous to the offset for the D records but in tréocal
direction.

-D Positions the legend and specifies its siEbejustis a 2-char justification string (sestext) that
relates the gien position to a point on the rectangulagésd box. If you want to specify the posi-
tion in projected units (i.e., inches or cm), uf.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tiMEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, apgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

=Jjlon0O/scaleg(Miller)

-Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal€Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalg Equidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—-Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)
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CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scaléAlbers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/latO/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
-JrlonO/scale(Winkel Tripel)
—-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

No space between the option flag and the associated arguments.

GMT4.2.1

Sets the clearance between the legend frame and the internal itern®[05t%or 0.05/0.05)].
Draws a border around the legend ustRAME_PEN.

Select fill shade, color or pattern of the legend box [Default is no (8ige SPECIFYING FILL
below).

More PostScriptcode will be appended later [Default terminates the plot system].

Sets the linespacing factor in units of the current annotation font size [1.1].

Selects Overlay plot mode [Default initializes avrot system].

Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

Instead of writing thé?ostScriptplot [Default], output th&sMT script used to makthe legend to
standard output, or optionally to the fdeript.

Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally append a label, ar (which

will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
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—X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

—-C Specifies the number of plot copies. [Default is 1].

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|es, fat[ter|tesf], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL
fill The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified amlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image. For 1-bit rasters: Bsi/patternfor inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transpareng. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

EXAMPLES
To add an example of a legend to a Mercator plot (map.ps) with tke giecifications, use

pslegend —R10/10/-10/10-JM4i —G255 —-DO0/0/4i/3i/BL << EOF >> map.ps
G -0.15i

H 24 Times-Roman My Map Legend

G 0.05i

D0.2i1p

N2

VO01p

S 0.1i ¢ 0.15i p300/12 0.25p 0.3i This circle is hachured

S 0.1it 0.15i yellav 0.25p 0.3i This triangle is yellow

S 0.1i h 0.15i green 0.25p 0.3i This hexagon is green

S 0.1i d 0.15i blue 0.25p 0.3i This diamond is blue

S 01i-0.15i - 0.25tap 0.3i A contour

VO01p

D0.2i1p

N1

| SOEST logo.ras 3 CT

L 94 R Snith et al., @%5%J. Geophys. Res., 99@ %%, 2000
G 0.5i

>

T Let us just try some simple text that can go omalifees.

T There is no easy way to predetermingvmeary lines will be required,
T so we nay need to adjust the box height to get the right size.
G -0.3i

M 55 1000:km:| f

EOF
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SPECIFYING FILL
fill The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified gmlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image.oF 1-bit rasters: us@dpi/pattern for inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transparengd. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified kafich eolor name (from the systesn’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0—-1; or c/m/y/k, each in range 0-100%).

WINDOWS REMARKS
Note that under Wdows, the percent sign (%) is a variable indicatore(fkunder Unix). To indicate a
plain percentage sign in a batch script you need to repeat it (%%); hence the font switching mechanism
(@%ont% and @%%) may require twice the number of percent sidigs only applies to text inside a
script or that otherwise is processed by DOS. Data files that are opened and pskegjdryddo not need
such duplication.

SEE ALSO
GMT(1), pshasemaf), pstexfl), psxy(1)
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NAME
pslib 4.0 — APostScriptbased plotting library

DESCRIPTION
pslib was aeated to makthe generation dPostScriptpage description code easiétis a library that con-
tains a series of tools that can be used to create plots. The reBotiSgriptcode is ASCII text and can
be edited using antext editor. Thus, it is fairly easy to modify a plot fileven dter it has been created,
e.g., to change x¢ strings, set ne gray shades or colors, experiment with various pen widths pstib is
written in C but nw includes FORTRAN bindings (thanks to John Goff, WHOI) and can therefore be
called from both C and FORTRAN programi use this libraryyou must link your plotting program with
pslib.a. pslib is the core of th&sMT graphics programspslib output conforms to the Adobe Encapsu-
lated PostScriptFile Specification Version 3.0 (EPSL), and may be used as EPS files and inserted,into, say
a Word document on a Mac. See Appendix F in the Technical Reference for detailed instructions.

Before ay pslib calls can be issued, the plotting system must be initialiZdds is done by calling
ps_plotinit, which defines macros, sets up the plot-coordinate system, scales, and [optionally] opens a file
where all thePostScriptcode will be written. Normally, the plot code is written tetdout The measure

unit for sizes and positions can be set to be centimeter (c), inch (i), or meter (m). When all plotting is done,
you must terminate the plotting system by callirsg plotend

pslib uses the direct color model where red, green, and bluevaresgparatelyeach must be in the range

from 0-255. If red < 0 then no fill operation takes plab#ost plot-items can be plotted with or without
outlines. Ifoutline is desired (i.e., set to 1), it will be drawn using the current linewidth and pptkon.

uses highly optimized macro substitutions and scales the coordinates depending on the resolution of the
hardcopy device so that the output file is kept as compact as possible.

A wide variety of output devices that supp®dstScriptexist, including laserwriters (color or mono-
chrome) and workstations runnimRpstScriptbased winde systems like Sun’'s OpenWindavs. xnevs

(part of OpenWWhdows) or ghostscript (public domain) can be used to create rasterfiles at a user-defined res-
olution (DPI), making it possible to rend@sstScripton a Versatec and other nBostScriptraster deices.

Regular Sun rasterfiles created under NeWS fRmstScriptfiles can be sent to a variety of color hardcop

units. Checkhe devices\ailable on your network.

FUNCTION CALLS
The following is a list of @ailable functions and a short description of whatytde and what parameters
they expect. Allfloating point variables are expected todmeible (i.e., 8 bytes), whereas all igers are
assumed to be 4 bytes long. All plotting functions are declared as functions returningGuriantly the
return value is undefined.

void ps_arc(x, y; radius, anglel, angle2, stajus

doublex, y, radius, anglel, angle2

int status
Draws a circular arc centered ox)) from angleanglelto angle2 Angles must be gén in
decimal dgrees. Ifanglel > angle2, a gdive ac is dravn. statusis a \alue from 0 through
3. 1means set nmeanchor point, 2 means strelhe circle, 3 means both, 0 means none of the
above.

void ps_axis(xpos, ypos, length, startval, stopval, tickval, label, annotpoinsds

double xpos, ypos, length, startval, stopval, tickval

double annotpointsizeside;

char *label,
Plots an axis with tickmarks, annotation, and lab@los, yposand lengthare in inches (or cm
or meters)annotpointsizén points (72 points = 1 inch), else data units are usilkcan be 0,
1, 2, or 3, which selects lower x-axis, right y-axis, upper x-axis, or left y-axis, reshecti
labelpointsize = 1.5 “*annotpointsize A negaive tickval will reverse the sense of posii
direction, e.g., to he the y-axis be posite cown.

void ps_circle (xcenterycentey diameteyrgb, outling
double xcenterycenter diameter

GMT4.2.1 100ct 2007 1



PSLIB(3)

GMT4.2.1

GeneridMapping Dols PSLIB(3)

int rgb[3], outling;
Plots a circle and fills it with the specified coldf outline == 1, the outline will be dran
using current pen-width and -pattern.

void ps_clipoff ()
Resets the clip path to what it was before the last cph tolipon

void ps_clipon(xarray, yarray, npoints, rgb, flag

double xarray[], yarray[] ;

int npoints, rgb[3], flag
Sets up a user-definable clip patPlotting outside this polygon will be clipped until
ps_clipoffis called. If red >= 0 the inside of the path is filled with the specified coltag is
used to create comple€lip paths consisting of seral disconnected regions, and takes ah v
ues 0-3flag = 1 means this is the first path in a multi-segment clip pfitly = 2 means this is
the last sgment. Thusfor a single pathflag= 3.

void ps_colorimage(xpos, ypos, xlength, ylength, buffes, ny depth

double xpos, ypos, xlength, ylength

unsigned charbuffer][] ;

int nx, ny depth
Plots a 1-, 2-, 4-, 8-, or 24-bit deep image. This functions sets up a callRosti®eriptcol-
orimage or image operatorgpos, ypos, xlength, ylengipecify the position of lower left cor
ner and size (in inches) of imag&he pixel values are stored lnffer, an nsigned character
array in scanline orientation with gray shade or r/@lies (0 - 255) where 0 is black, 255 is
white. buffer[0] is upper left cornerdepthis number of bits per pixel (24, 8, 4, 2, or fx,ny
refers to the number of pixels in image. The rowlengthuffer must be an intgral number of
8/depth E.g. if depth= 4, thenbuffer[j] /16 gives shade for pixel[2j-1] andbuffer[j] %16 (mod
16) gives shade for piel[2j]. When-depthis passed instead then "hardware" interpolation of
the image is requestedf -nxis passed then the first three bytedwfer holds the r/g/b color
for pixels that are to be masked out usingRbstScriptLevel 3 Color Mask method. See the
Adobe SystemPostScriptReference Manual for more details.

void ps_colortiles(x0, y0, xlength, ylength, buffex, ny)

double x0, y0, xlength, ylength

int nx, ny

unsigned charbuffer][] ;
Plots a true color image based on wdliial color tilesx0, yOis the location of the lower left
corner of the image in incheslength, ylengttis the image size in inchesuffer contains gb
triplets stored as rgbrgbrglnx, nyis the image size in pixels.

void ps_command(tex?)
char *text;
Writes a rawPostScriptcommand to th@ostScriptoutput file, e.g. "1 setlinejoin”.

void ps_comment(tex?)
char *text;
Writes a commentéx? to the PostScriptoutput file, e.g. "Start of graph 2".

void ps_crosg(xcenteyycentey diamete)

double xcenterycenter diameter
Plots a cross at the specified point using current pen-width and -pattern that fits inside a circle
of given diameter.

void ps_diamond(xcenterycenter diametey rgb, outling

double xcenterycenter diameter

int rgb[3], outling;
Plots a diamond and fills it with the specified collfroutline == 1, the outline will be dran
using current pen-width and -pattern. The symbol will fit inside a circlevefigiameter.
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void ps_ellipse(xcenterycenter angle major, minor, rgb, outling

double xcenterycentey angle, major, minor;

int rgb[3], outling;
Plots a ellipse with its major semiaxis rotatedangle degrees and fills it with the specified
color. If outline== 1, the outline will be drawn using current pen-width and -pattern.

void ps_encode_fonffont_ng
int font_nq
Will reencode this font using the current encoding vector if it is not StandardEncoding.

void ps_epsimagéxpos, ypos, xlength, ylength, buff&e nx, ny ox, oy)

double xpos, ypos, xlength, ylength

unsigned charbuffer][] ;

int size nx, ny ox, oy,
Plots an Encapsulated PostScript (EPS) image. The EPS file is stdrefeirand hassize
bytes. Thisfunctions simply includes the image in tRestScriptoutput stream within an
appropriate wrapperSpecify position of lower left corner and size (in inches) of image.
nx,ny,ox,oyefers to the width, height and origin (lower left corner) of the BoundingBox.

void ps_flush()
Flushes the output buffer.

void ps_hexagon(xcenteyycentey diametey rgb, outling

double xcenteyycentey diameter

int rgb[3], outling;
Plots a hexagon and fills it with the specified coléroutline== 1, the outline will be dran
using current pen-width and -pattern. The symbol will fit inside a circlevefigiameter.

void ps_image(xpos, ypos, xlength, ylength, buffes, ny bits)
double xpos, ypos, xlength, ylength
unsigned charbuffer([] ;
int nx, ny bits;
Obsolete, simply passes argumentggocolorimage

void ps_imagefill(x, y, n, image, magsfile, invert, dpi, outlinef rgb, b_rgh

double x[], y[], x0, yO0;

int n, image, nvert, dpi, outlinef_rgb[3], b_rgb[3];

char imagefile;
Similar tops_polygon but fills the area with an image pattern rather than a color or grayshade.
x andy hold the arrays af points. 90predefined patterns argailable (SeeGMT Appendix
E). image gives the image number (1-90)f set to 0,imagefile must be the name to the user’
image, which must be stored as a Sun 1-, 8-, or 24-bit rasterfile.
1-bit images only: (i) The set pixels (1) are colored using the RGB combinatfiomlmwhile
the unset pixels (0) are painted withrgh. Set the f rgb[0] to -1 to makset pixels transpar
ent. Seth_rgb[0] to -1 to mak the unset pixels transparertti) If invertis TRUE (1), the set
and unset pixels are interchanged before plotting.
The unit size of the image is controlled thyi (in dots-petinch). If set to zero, the image is
plotted at the device resolutiofif. outlineis TRUE, the current penwidth is used towrthe
polygon outline.

void ps_hitimage(xpos, ypos, xlength, ylength, buffee, ny invert, f_rgb, b_rgh

double xpos, ypos, xlength, ylength

unsigned charbuffer([] ;

int nx, ny invert, f_rgb[3], b_rgb[3];
Plots a 1-bit image using thevgn foreground colorf_rgb and background coldy_rgb. Spec-
ify position of laver left corner and size (in inches) of imadwiffer is an unsigned character
array with 8 pixels per bytenx,nyrefers to the number of pixels in image. The rowlength of
buffer must be an integral number of Buffer[0] is upper left cornerbuffer values are stored
as columns, starting at the lower left corner and ending at the upper right dbineertis O
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then the bits that are 1 are painted with the foreground, caihile bits that are O are painted
with the backgound colorlf invertis 1, foreground and background are switch&d.get a
partly transparent image, set the first maé the foreground or background color to -1, i.e.
f rgb[0]=-1 or b_gb[0]=1. Seethe Adobe SystemPostScriptReference Manual for more
details.

void ps_itriangle (xcenterycenter diametey rgb, outling

double xcenterycenter diameter

int rgb[3], outling;
Plots an imerted and fills it with the specified cololf outline== 1, the outline will be dran
using current pen-width and -pattern. The symbol will fit inside a circlevefigiameter.

void ps_line (xarray, yarray, npoints, typeclose split)

double xarray[], yarray[] ;

int npoints, typeclose split;
Draw a aontinuous line from the positions in the x-y arraysclose== 1, the first and last
point will automatically be closed by thHeostScriptdriver. If this is the first segment in a
multi-segment path, setype== 1. To end the segments andveathe line(s) drarn, settype
== 2. Thus, for a single geent,typemust be 3. The line is drawn using the current pen-
width. Only if split is TRUE may ps_line use multiple steskto drav lines longer that
MAX_PATH. ps_polygorwill call ps_line withsplit = FALSE since the path must be continu-
ous. Ifsplitis FALSE and the pathlength exceeds MAXTH a warning will be issued.

unsigned chafps_load_image(fp, headey

FILE *fp;

struct imageinfo *header,
Reads the image contents of the EPS file or Sun rasterfile pointed to by the open filgpointer
The routine can handle EncapsulaRsgtScriptfiles or 1-, 8-, 24-, or 32-bit rasterfiles in old,
standard, run-length encoded, or RGB-style Sun format.

void ps_octagon(xcenterycenter diameter rgb, outling

double xcenteyycenter diameter

int rgb[3], outling;
Plots a octagon and fills it with the specified coldroutline == 1, the outline will be dran
using current pen-width and -pattern. The symbol will fit inside a circlevefigiameter.

void ps_patch(xarray, yarray, npoints, rgb, outling

double xarray[], yarray[] ;

int npoints, rgb[3], outline
Identical tops_polygonexcept polygon must be < 20 points long and there will be no attempt
to shorten the path by discarding unnecessary intermediate points along straigghitse Pri-
marily used when painting large number of small polygons and not waste output space.

void ps_pentagon(xcenteyycentey diametey rgb, outling

double xcenteyycenter diameter

int rgb[3], outling;
Plots a pentagon and fills it with the specified colbroutline== 1, the outline will be dran
using current pen-width and -pattern. The symbol will fit inside a circlevefigiameter.

void ps_pie(xcenterycenterradius, azimuthl, azimuth2, rgb, outline

double xcenterycenterradius, azimuthl, azimuth2

int rgb[3], outling;
Plots a sector of a circle and paints it with the specified RGB combindtiontline== 1, the
outline will be drawn using current pen-width and -pattern.

void ps_plot(xabs, yabs, kpgn
double xabs, yabs
int kpen;
Absolute mee (kperr3) or drav (kpen=2), using current lingidth. Use(kpen=2) to male
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sure the line is stroked.

void ps_plotend(last_paye)

int last_paje
Terminates the plotting sequence and closes plot file (if otherdtign). If last paye == 1,
then aPostScriptshavpage command is issued, which initiates the printing process on hard-
copy devices.

void ps_plotinit (plotfile, overlay, mode xoff, yoff, xscl, yscl, ncopies, dpi, unit, gesize rgb,
encoding eps)
char *plotfile, *encoding;
int overlay, mode ncopies, dpi, unijt
double xoff, yoff, xscl, ysc|
int pagesize[2], rgb[3]; struct EPS * eps
Initializes the plotting.If plotfile == NULL (or "), then output is sent &tdout ese output is
sent toplotfile. overlay should be 1 only if you plan to append it to somistang PostScript
file. modecontains three flags in the three lowest bits. The& bit controls the plot orienta-
tion and can be 0 (Landscape) or 1 (Portrait). The bi¢, if set to 1, will re-encode the fonts
to include European accented characters using tweobeoleteGMT 3.4 encoding.To use
the ISOLatinl encoding set the 5th bit to The third bit controls the format used to write
PostScript images: 0 means bindryneans headecimal. Mosprinters needs the latter while
some can handle binary which are 50% smaller and therefecate faster. xoff,yoff are used
to move the origin from the default position in the lower left cornescl,ysclare used to scale
the entire plot (Usually set to 1.0, 1.(etncopiesto get more than 1 cgp dpi sets the hard-
copy resolution in dots pr unitsk-or optimum plot quality and processing speed, chatpsé¢o
match the intended plotter resolution. Examples are 300 for most laserwriters, 2540 for Lino-
type-300, and "85 for Sun screens. When in doubt, use @@0can be ap of 0 (CM), 1
(INCH), or 2 (M), telling the plot system what units are used for distance and sizes. Note that,
regardless of choice of unit, dpi is still in dots-joch. pagesizemeans the physical width and
height of the plotting media in points, (typically 612 by 792 for Letter or 595 by 842 for A4
laserwriter plotters.The rgb array holds the color of the page (usually white = 255,255,255).
The encodingis the name of a character encoding scheme to be used, e.g., Standard, ISO-
Latinl, ISO-8859-2, etc. The EPS structure is defined in the.lpgtiblude file and contains
information that will mak up he comments header of a EPS fiRrogrammers who plan to
call pslib routines should read the comments in pslib.h first. Note that thERANRbinding
does not expect this last argument.

void ps_plotr (xrel, yrel, kpeh

double xrel, yret

int kpen
Move (pen= 3) or daw (kpen= 2) relative © current point (se@s_plot). Use(kpen=2) to
male aure the line is stroked.

void ps_point (xcenterycentey diamete)

double xcenterycenter diameter
Plots a point using current pen witlvgn diameter Note the linecap setting must first be set to
1 for this function to work.

void ps_polygon(xarray, yarray, npoints, rgb, outling

double xarray[], yarray[] ;

int npoints, rgb[3], outline
Creates a colored polygon from the positions in the x-y arrays. Polygon will automatically be
closed by thdPostScriptdriver. If outline== 0, no outline is dsan. If outline== 1, the out-
line is drawn using current penwidth.

void ps_rect(x1, y1, x2, y2, rgb, outline
doublex1, y1, x2, y2
int rgb[3], outline;
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Plots a colored rectanglex1(yl)and &2,y2 are ary two corners on a diagonalf outline==
1, the outline will be drawn using current pen-width and -pattern.

void ps_rotaterect(x, y; angle, xsize ysize rgb, outling

doublex, y, angle xsize ysize

int rgb[3], outline;
Plots a colored rectangle rotateshgle degrees from baseline.x,§) is the center and
(xsize,ysizeare the dimensionslf outline== 1, the outline will be drawn using current pen-
width and -pattern.

void ps_rotatetrans(x, y angle)
doublex, y, angle
Rotates the coordinate systemangledegrees, then translates originxg))

void ps_segmentx0, y0, x1, ylL
double x0, yO0, x1, y1;
Draws a line segment between the feints using current pen attributes.

void ps_setdash(pattern, offsét

char *pattern;

int offset;
Changes the current dashpattern. The character qatigrnis set to the desired pattern.
E.g., "4 2" andbffset= 1 will plot like:

etc, where x is starting point (The x is not plotted@hat is, the line is made up of a repeating
pattern of a 4 units long line and a 2 unit lomgp gstarting 1 unit after the Xo reset to solid
line, specifypattern= NULL (") and offset= 0. Units are in dpi units.

void ps_setfont(fontnr)

int fontnr,
Changes the current font numberfémtnr. The fonts ®ailable are: 0 = Helvetica, 1 = H.
Bold, 2 = H. Oblique, 3 = H. Bold-Oblique, 4 = Times, 5.7B6ld, 6 = T Italic, 7 = T Bold
Italic, 8 = Courier9 = C Bold, 10 = C Oblique, 11 = C Bold Oblique, 12 = Symbol, 13 =
AvantGarde-Book, 14 = A.-BookOblique, 15 = A.-Demi, 16 = A.-DemiOblique, 17 = Book-
man-Demi, 18 = B.-Demiltalic, 19 = B.-Light, 20 = B.-Lightltalic, 21 = Halga-Narrev, 22
= H-N-Bold, 23 = H-N-Oblique, 24 = H-N-BoldOblique, 25 =WeenturySchibk-Roman, 26
= N.-ltalic, 27 = N.-Bold, 28 = N.-Boldltalic, 29 = Palatino-Roman, 30 = P.-ltalic, 31 =
P-Bold, 32 = RBoldltalic, 33 = ZapfChancery-Mediumltalic, 34 = ZapfDingbats, 35 = Ryu-
min-Light-EUC-H, 36 = Ryumin-Light-EUC-V37 = GothicBBB-Medium-EUC-H, and 38 =
GothicBBB-Medium-EUC-V If fontnris outside this range, it is set to 0.

void ps_setformat(n_decimaly

int n_decimals
Sets number of decimals to be used when writing color or glags. Thealefault setting of 3
gives 1000 choices per red, green, and blue value, which is more than the 255 cHeiess of
by most 24-bit platforms. Choosing awler value will mak the output file smaller at the
expense of less color resolutiotill, a value of 2 gies 100 x 100 x 100 = 1 million colors,
more than most eyes can distinguigtor a stting of 1, you will hae 10 nuances per primary
color and a total of 1000 unique combinations.

void ps_setling(linewidth)

int linewidth
Changes the current liwédth in DPI units. 0 gives thinnest line, but the use of 0 is implemen-
tation-dependent (Works fine on most laserwriters).

void ps_setlinecap(cap)
int cap
Changes the current linecaf.gives tutt cap [Default], 1 gies round, and 2 gies gquare.
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void ps_setlinejoin(join)
int join;
Changes the current linejoi@. gives mitered [Default], 1 gies round, and 2 gies bkevd joins.
void ps_setmiterlimit (limit)
int limit;
Changes the current miter limi@ gives default miter other \alues are the cutoff-, acute- angle
when mitering takes place.

void ps_setpaint(rgb)
int rgb[3];
Changes the current RGB setting for pens and text.

void ps_square(xcenterycenter diametey rgb, outling

double xcenterycenter diameter

int rgb[3], outling;
Plots a square and fills it with the specified colidroutline == 1, the outline will be dran
using current pen-width and -pattern. The symbol will fit inside a circlevefigiameter.

void ps_star(xcenterycentey diameteyrgb, outling

double xcenteyycentey diameter

int rgb[3], outling;
Plots a star and fills it with the specified coltfroutline== 1, the outline will be drawn using
current pen-width and -pattern. The symbol will fit inside a circleadgiiameter.

void ps_text(X, y, pointsize text, angle justify, form)

doublex, y; pointsize angle

char *text

int justify, form;
Thetextis plotted starting atx(y), and will male an anglewith the horizontal. The poink(y)
maps onto dferent points of the textstring by giving various valuesjdstify. It is used as
follows:

10 11

I
7

I
2 3
The box represents thextstring. E.g.to plot a textstring with its center of gravity atyj,
you must usgustify == 6. If justify is negative, then all leading and trailing blanks are stripped
before plotting. Certain character sequences (flag® geecial meaning to ps_text. @ tog-
gles between current font and the Mathematical Symbols @8tho% sets font tono;, @%%
resets to starting font. @- turns subscript dn/@f+ turns superscript on/off, @# turns small
caps on/off, and @\ will maka @mposite character of the following dveharacter @;r/g/b;
changes the font color (@:;; resets it) s@e changes the font size (@:: resets it), and @_ tog-
gles underline on/éf Give fontsize in points (72 points = 1 inchijormally, the tet is typed
using solid charactersTo draw outline characters, séorm == 1. If pointsizeis negaive it
means that the current point has already been set befotext was called and thatxy)
should be ignored.

= 01— ©
»

void ps_textbox(x, y pointsize text, angle justify outline, dx, dy rgb)

double x, y, angle pointsize dx, dy,

char *text;

int justify, outline, rgb[3];
This function is used in conjagion with ps_textwhen a box surrounding the text string is
desired. @king most of the arguments p$_text the user must also specify the color of the
resulting rectangle, and whether its outline should be&rmravioreroom between text and rec-
tangle can be obtained by settiiiganddy accordingly.
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void ps_transrotate(x, y angle)
doublex, y, angle
Translates the origin t fy), then rotates the coordinate systenabgledegrees.

void ps_triangle (xcenterycenter diameter rgb, outling

double xcenterycenter diameter

int rgb[3], outling;
Plots a triangle and paints it with the specified RGB combinaffoautline == 1, the outline
will be dravn using current pen-width and -pattern. The symbol will fit inside a circlevef gi
diameter.

void ps_vector(xtail, ytail, xtip, ytip, tailwidth, headlength, headwidth, headshagie outling

double xtail, ytail, xtip, ytip, tailwidth, headlength, headwidth, headshape

int rgb[3], outling;
Draws a \ector of size and appearance as specified by the various pararhetishapean
take on \alues from 0-1 and specifieswhdar the intersection point between the base of a
straight \ector head and the vector line iswed towad the tip. O gives a tiangular head, 1.0
gives an arow shaped head. Ibutline== 1, the outline will be dran using current penwidth.
Add 8 tooutlinefor a double-headed vector.

void ps_words (x, y, tex, n_words, line_spagegoar_width, par_just, font, font_sizangle, rgb,

justify, draw_box, x_df y off, X gap, y_gap, boxpen_width, boxpentues, koxpen_dbket, box-

pen_rgb, vecpen_width, vecpen_texfwecpen_offset, vecpen_rgb, boxfill ygb

doublex, y; line_spacepar_width, anglex off, y off, x gap, y_gap

int n_words, font, font_sizgustify, draw_box, boxpen_width, boxpen_offset

int boxpen_rgb[3], vecpen_width, vecpen_offset, vecpen_rgb[3], boxfill_rgb[3]

char **text, *boxpen_textu, *vecpen_texture
Typesets paragraphs okte textis an array of the wrds to typeset, using thevgn line-spac-
ing and paragraph widthThe whole text block is positioned xatywhich is the anchor point
on the box as indicated lpystify (see ps_te). The whole block is then shifted kyof, y_off.
Inside the box, text is justified left, centered, right, or justified asrged bypar_just(lcrj).
draw_boxcontains 4 bit flags pertaining to the surrounding outline box. If on, the finstp
bit draws the box outline. The second bit fills the box interfidre third bit makes the outline
box have munded corners (unlegsgap, y_gapwhich specifies the padding between the te
and the box, are zero), while the forth bitwisaa line from the original, ypoint to the shifted
position. Theescape sequences described for ps_text applies as well.

Paul Wessel, School of Ocean and Earth Science anbriblogy 1680 East-West Road, Honolulu, \aii
96822, (808) 956-4778, Internet address: pwessel@ihedu.

BUGS

Caveat Emptor: The author isot responsible for andisasters, suicide attempts, or ulcers caused by cor
rector incorrect use opslib. If you find hugs, please report them to the author by electronic mail. Be sure
to provide enough detail so that | can recreate the problem.

RESTRICTIONS
Due to the finite memory of some outputides like Laserwriters, certain restrictions due to limitations of
the PostScriptinterpreter apply:For now, the arrays passed ps_cliponandps_polygonmust contain less
than about 1350 points. Also, thefter array passed fos_imagemust be able to fit in thesalable mem-
ory. Check the specifications of the hardgajevice you are using. Note that some Raster Image Proces-
sors (RIPs) do not support direct color so that the colors you get may na@dbly ¢he ones you anted.
This is a limitation of the RImot the underlyindPostScriptcode generated kyslib.

REFERENCES
Adobe Systems Inc., 199@ostScriptlanguage reference manual, 2nd edition, Addis@sid/ (ISBN
0-201-18127-4).

GMT4.2.1
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psmask — @ dip or mask areas of no data on a map

SYNOPSIS

psmask [xyzfild —Ixindunif][=]+][/yindunit][=]+]] -Jparameters —Rwesteastsouthinorth[r] [
—B[p|s|parameters] [ —-Ddumpfile] [ —EazimutHelevation] [ —-F ] [ =Gfill T[ -H[i][nred 1 [ -K ][
-M[flagl ][ -N][ -O ][ -P ][ —-Sseach radiugmiclk|K] ][ =T ][ -U[/dxdy/][label ][ -V ][
—X[alclr][x-shif{u]] ] [ -Y[alclr][y-shif{u]] ] [ —ccopies] [ —:[i|o] ] [ —bi[s|S|d|D][ncol ]

psmask —C[ -K ][ O]

DESCRIPTION

psmaskreads axy,2) file [or standard input] and uses this information to find out which grid cells are reli-
able. Onlygridcells which hae ane or more data points are considered reliaBle.an option, you may
specify a radius of influence. Then, all gridcells that are withitius of a data point are considered reli-
able. Furthermoregn option is provided to verse the sense of the te$taving found the reliable/not reli-
able pointspsmaskwill either paint tiles to mask these nodes (with #fleswitch), or use contouring to
create polygons that will clip outgmns of no interest. When clipping is initiated, it will stay ifeef

until turned of by a second call tggsmaskusing the-C option.

xyzfile File with (x,y,z) values (e.g., that was used to surface). If no file is gven, standard input is
read. r binary files, seeb.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaaly, and will be cowerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal ¥0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrtbmber of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheveyaeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendi@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, appgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jjlon0/scale(Miller)

-Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve nmeridian and standard parallel)
—Jodon0/lat0/azimuth/scal€Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-JglonO/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—JtlonO/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)
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AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalgEquidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/lat0/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
=JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
—Jrlon0O/scale(Winkel Tripel)
-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

No space between the option flag and the associated arguments.

GMT4.2.1

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Mark end of existing clip path. No input file is needed. Implicitly s&€s

Dumps out the resulting clipping polygons to disk. Ignoredifis set. If no dumpprefix is gén
we use mask (Files will be called mask_*.d).

Sets the viewpoirg’&imuth and eleation for perspectie dots [180/90].
Force pixel registration [Default is grid registration].
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-G Pant the clip polygons (or tiles) with a selected fill [@eft is no fill]. (See SPECIFYING FILL
below).

-H Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped. Not used with binary data.

-K More PostScriptcode will be appended later [Default terminates the plot system].

-M Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and-Mo to give eparate settings.

-N Invert the sense of the test, i.e. clip regions where there is dasage.
-0 Selects Overlay plot mode [Default initializes avrot system].
-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

-S Sets radius of influence. Grid nodes withadius of a data point are considered reliable. s
is 0, which means that only grid cells with data in them are reliaBlghendm to indicate min-
utes orc to indicate secondsAppendk to indicate km (implies-R and-I are in degrees, and we
will use a st flat Earth approximation to calculate distané&y. more accurag use uppercasié
if distances should be calculated along geodesittsvever, if the currentELLIPSOID is set to
Sphere then spherical great circle calculations are used.

-T Plot tiles instead of clip polygons. Us6 to set tile color or pattern.

-U Draw Unix System time stamp on plot. User may specify where therl@eft corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢fmtdefaults man page for details.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

—-C Specifies the number of plot copies. [Default is 1].
SPECIFYING FILL
fill The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the

pattern used for filling polygonsPaterns are specified amlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image. For 1-bit rasters: Bsi/patternfor inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transpareng. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
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range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).
EXAMPLES
To make an werlay PostScriptfile that will mask out the ggons of a contour map where there is no control
data using clip polygons, use:
psmaskafrica_gra.xyg —R20/40/20/40-15m -JM10i -O —-K > mask.ps

The same example but this time we use white tiling:

psmaskafrica_gra.xyg —R20/40/20/40-15m -JM10i =T -O -K — Gwhite > mask.ps

SEE ALSO
GMT(1), grdmasK1), surfac€l), pshasemafd), psclip(1)
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NAME
psrose — Plot (length, azimuth) as windrose diagram or polar histogram (sector or rose diagram).

SYNOPSIS
psrosefile [ —Asector_widtfir] ] [ —B[p|s|parameterd [ —C[mode_fil¢] [ —D ] [ ~EazimutHelevation] [
=Gfill ][ =H[i][nred 1[ -1 ][ -K ][ —L[wlabelelabelslabelnlabe] ] [ -M[parameterd [ -O ][ -P ]|
—RrO/rl/az_Qaz_1][ —Sradial_scalgn] ] [ =T ][ —U[/dxdy/[label] ][ =V ][ -Wpen] [ —=X[alc|r][x-
shiffu]] 1 [ =Y[alc|r][y-shiffu]] ] [ —Zscale] [ —ccopies] [ —:[ilo] ] [ —bi[s|S|d|D][ncol ]

DESCRIPTION
psrosereads (length,azimuth) pairs frdite [or standard input] and generafsstScriptcode that will plot

a windrose diagram. Optionally (withA), polar histograms may be drawn (sector diagram or rose dia-
gram). Optionsnclude full circle and half circle plots. ThHestScriptcode is written to standard output.

file Name of ASCII [or binarysee-b] data file. If no file is gien, psrose will read standard input.

OPTIONS
No space between the option flag and the associated arguments.

-A Gives the sector width in dgees for sector and rose diagrafPefault 0 means windrose dia-
gram]. Append to draw rose diagram instead of sector diagram.

-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details. Remembehat "x" here is radial distance and "y" is azimuth. The ylabel may be used to
plot a figure caption.

-C Plot vectors showing the principal directionsepi in the modesfile. If no file is gven, compute
and plot mean direction.

-D Shift sectors so that theare centered on the bin interval (e.g., first sector is centered on 0
degrees).

-E Sets the viewpoirg’&imuth and eleation [180/90]

-G Selects shade, color or pattern for filling the sectorsdiiefs no fill]. (See SPECIFYING FILL
below).

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

= Inquire. Computestatistics needed to specify usefil. No plot is generated.
-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Specify labels for the 0, 90, 180, and 27@rée marks. For full-circle plot the default is
WEST/EAST/SOUTH/NORH and for half-circle the default is 90W/90E/-/@\ - in any entry
disables that label. Usd. with no argument to disable all four labels

-M Specify nev arrow attributes taiidth/headlength/headwidth/r/g/b to change the appearance of
arrows (Only if-C is set). [Default is 0.0%80.3c/0.25/0/0/0 (or 0.08/0.12/0.1i/0/0/0)].

-0 Selects Overlay plot mode [Default initializes avrot system].
-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

-R Specifies therggion’ of interest in (@zimuth) space. r0 is 0, rl is max length in unisr
azimuth, specify -90/90 for half circle plot or 0/360 for full circle.

-S Specifies radius of circle. Appemdo normalize input radii to go from 0 to 1.

-T Specifies that the input data is orientation data (has a If86edambiguity) instead of true 0-360
degree directions [Default].

-U Draw Unix System time stamp on plot. User may specify where therléeft corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
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will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢mtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Set pen attributes for sector outline or rose pl[@tefault is no outline]. (See SPECIFYING
PENS below).

Shift plot origin relatve o the current origin byx¢shift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

Multiply the data radii byscale E.g., use-Z0.001 to cowert your data from m to km [Default is
no scaling].

Input file has (azimuth,radius) pairs rather than the expected (radius,azimuth).

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

Specifies the number of plot copies. [Default is 1].

SPECIFYING PENS

pen

The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|es, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL

fill

The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified gmlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image.oF 1-bit rasters: us@dpi/pattern for inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transparengd. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR

color

EXAMPLES

The color of lines, areas and patterns can be specified kalich eolor name (from the systesn’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

To plot a half circle rose diagram of the data in the fileltf sgments.az_r (containing pairs of (azimuth,
length in meters), using a 10gtee bin sector width, on a circle of radius = 3 inch, grid going out to radius
=150 km in steps of 25 km with a 30 degree sector interval, radial direction anne®ted0km, using a
light blue shading outlined by a solid red pen (width = 0.75 points) th@ mean azimuth, and shown in
Portrait orientation, use:

psrose fault_segments.az_+R0/150/-90/90-B50¢g25:"Fult length":/g30:."Rose diagram*S3i —A10r
—Glightblue-W0.7%,red-20.001-C -P =T —:| lpr

To plot a full circle wind rose diagram of the data in the file lines.r_az, on a circle of radius = 5 cm, grid
going out to radius = 500 units in steps of 100 with a 45 degree sector interval, using a solid pen (width =
0.5 point), and shown in landscape [Bdf] orientation with UNIX timestamp and command line plotted,

use:

GMT4.2.1
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psroselines.az_r~R0/500/0/360-S5¢c —-Bg100445:."Windrose diagram™:W0.50 —Uc | Ipr

BUGS
No default radial scale and grid settings for polar histogrddser must rumpsrose —Ito find max length
in binned data set.

SEE ALSO
GMT(1), gmtdefault§l), pshistogranfl)

GMT4.2.1 100ct 2007 3



PSSCALE(1) GeneriMapping Dols PSSCALE(2)

NAME
psscale — Plot gray scale or color scale on maps

SYNOPSIS
psscale —Dposypodlengthwidthih] [ —A ] [ —B[pl|s|parameters] [ —Ccpt_file] [ —E[b]f][lengtH ] [
—I[max_intenpow_ithigh_i ] [ -K ] [ -L[illgag ] [ -M ][ -Ndpi ] [ -O ][ -P ][ -Q ][
=Ul/dxdy/[labell ][ =V 1[ —X[alc|r][x-shif{u]] ][ =Y[alc|r][y-shiffu]] ] [ —Zzfile] [ —ccopies]
DESCRIPTION
psscaleplots gray scales or color scales on mapeth horizontal and vertical scales are supporfeat.
cpt_files with gradational colors (i.e., the lower and upper boundary of an inteveatitiarent r/g/b al-
ues)psscalewill interpolate to gie a ontinuous scaleVariations in intensity due to shading/illumination
may be displayed by setting the optieh Colors may be spaced according to a linear scale, all be equal
size, or by providing a file with individual tile widths.

-D Defines the position of the center/top (for horizontal scale) or center/left (for vertical scale) and the
dimensions of the scalegGive a regdive length to reerse the scalebarAppendh to get a hori-
zontal scale [Default is vertical].

OPTIONS
No space between the option flag and the associated arguments.

-A Place annotations ab® (nstead of below) horizontal scalebars and to the left (instead of the right)
of vertical scalebars.

-B Set annotation, tick, and gridline interval for the colorbire xaxis label will plot beneath a hori-
zontal bar (or vertically to the right of a vertical bar). As an option, use the yaxis label to plot the
data unit to the right of a horizontal bar (and\aba vetical bar). If no values are pried, the
default is to annotatevery color level (which may be weerridden by ULB flags in the cpt file).

Note that since vertical labels will be plotted as a column of individual characters, no octal escape
characters embedded in the label arenadth Text with such characters will be plotted horizon-

tally (relatve o the color scale). By default, labels are generated from the numerical efiwies.
specify custom text labels for intervals, you must applahelito each z-slice in the cpt file.

-C cpt_fileis the color palette file to be used. By default all color changes are annolatese a
subset, add arxra column to the cpt-file with a L, U, or B to annotateveq Upper, or Both
color segment boundariesuftsee-B). If not given, psscalewill read stdin. As foigrdview, pss-
calecan understand pattern specifications in the cpt file.

-E Add sidebar triangles fdrack- and/offoreground colors.Add f or b for only one sidebar triangle
[Default gives both]. Optionally append triangle height [Default is half the barwidthl].

= Add illumination efects. Optionally set the range of intensities from - tomax_intens If not
specified, 1 is usedAlternatively, appendlow/high intensities to specify an asymmetric range
[Default is no illumination].

-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Gives gqual-sized color rectangle®efault scales rectangles according to the z-range in the cpt-
file (Also see-Z). If set, ag equal interval annotation set wittB will be ignored. If gapis
appended and the cpt table is discrete we will center each annotation on each rectangle, using the
lower boundary z-value for the annotatiolf. i is prepended we annotate the interval range
instead. If-I is used then each rectangle willveats constant color modified by the specified

intensity.
-M Force a monochrome graybar using the (television) YIQ transformation.
-N Effective tbts-per-inch for the rectangular image making up the color scale [300].
-0 Selects Overlay plot mode [Default initializes avrot system].

-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].
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Select logarithmic scale and power of ten annotatigkkz-values in the cpt file will be con-
verted to p = log10(z) and only integer alwes will be annotated using the 10°p format [Default is
linear scale].

Do not separate different colour intervals with black lines.

Draw Unix System time stamp on plot. User may specify where therléeft corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Shift plot origin relatve o the current origin byx¢shift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

File with colorbar-width per color entnBy default, width of entry is scaled to color range, i.e., z
= 0-100 gies twice the width as z = 100-150 (Also s€le).

Specifies the number of plot copies. [Default is 1].

To gpend a ertical color scale (7.5 cm long; 1.25 cm wide) to the right of a plot that is 6 inch wide and 4
inch high, using illumination, and sivdack- and foreground colors, and annotatimgne5 units, use

psscale —[3.5/2i/7.5¢/1.25c —O —Ccolors.cpt-1 —E —-B5:BATHYMETRY:/:m: >> map.ps

NOTES

When the cpt file is discrete and no illumination is specified, the color bar will be painted using polygons.
For al other cases we must paint with an image. Some color printers magightly different colors for
the two methods gren identical RGB values.

SEE ALSO

GMT(1), makecpfl), grd2cpt(1)

GMT4.2.1
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NAME
pstext — B plot text strings on maps

SYNOPSIS
pstext textfile —Jparameters —Rwesteastsouthinorthjr] [ -B[p|slparameters] [ -Cdx/dy ] |
-D[j]ldx/dy[v[perl ] [ —Eazimuthelevation] [ —Gcolor ] [ —H[i][nred ][ —Jz|Zparameterd [ -K ][ -L ]|
-Mfflag] ][ -N ][ -O ][ =P ] [ =Spen] [ ~U[/dxdy/][label]l ] [ -V ] [ ~W[color,][0[O|c|C[pen] ] [
=X[alclr][x-shifful] ][ =Y[alc|r][y-shiffu]] ] [ —Zzlevel] [ —ccopies] [ —:[i[o] ]

DESCRIPTION
pstext plots text strings of variable size, font type, and orientatiarious map projections are ptided,
with the option to dna and annotate the map boundariBsstScriptcode is written to standard output.
Greek characters, subscript, superscript, and small caps are supportedvas Téilosequence @~ toggles
between the selected font and Greek (Symb@yma% sts the font tono; @%% resets the font to the
starting font, @- toggles subscripts on/off, @+ toggles superscript on/off, @# toggles small cdps on/of
@:color; changes the font color (@;; resets it),s@e changes the font size (@:: resets it), and @_ toggles
underline on/df @@ prints the @ sign. @e, @o, @a, @E, @O, @¥edhe accented Scandinan
characters. Compositeharacters (gerstrike) may be indicated with the @!<charl><char2> sequence,
which will print the two characters on top of each othfio learn the octal codes for symbols nadilable
on the keyboard and some accented European characters, see Section 4.16 and Appendix@Mif the
Technical Reference and Cookbook. Note tB8fAR_ENCODING must be set to an extended character
set in your .gmtdefaults4 file in order to use the accented charadisrgy the-W option, a colored rec-
tangle underlying the text may be plotted (Does not work for strings with sub/super scripts, symbols, or
composite characters, except in paragraph meklig)(

textfile This file contains 1 or more records witt) {; Sze angle fontno, justifytex). If no file is gven,
pstext will read standard inputsizeis text size in pointsangleis measured in degrees counter
clockwise from horizontafontnosets the font typgustify sets the alignmentlf fontnois not an
integer then it is taken to be axestring with the desired fontname. See gimtdefaults man
page for names and numbers géikable fonts (or rurpstext —L). Thealignment refers to the
part of the tgt string that will be mapped onto they) point. Choose 2 haracter combination
of L, C, R (for left, centeror right) and TM, B for top, middle, or bottom. e.g., BL for lower left.

-J Selects the map projection. Scale is UNIDtde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, appgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

=Jjlon0/scale(Miller)

-Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—JtlonO/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)
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—Jelon0/latO/scalgEquidistant)

—Jflon0/lat0/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/latO/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
=JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—Jnlon0/scale(Robinson)
—Jrlon0O/scale(Winkel Tripel)
—-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

Sets the vertical scaling (for 3-D maps). Same syntaJas

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

No space between the option flag and the associated arguments.

-B

-C

GMT4.2.1

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Sets the clearance between the text and the surrounding box [15%]. Onlytdédispecified.
Append the unit you wantifh, inch,meter or point; if not given we onsultMEASURE_UNIT)
or % for a percentage of the font size.

Offsets the text from the projectexy) point by dx,dy[0/0]. Use-Dj to offset the text\way from
the point instead (i.e. thexts justification will determine the direction of the shif@ptionally,
appendv which will drawv a line from the original point to the shifted point; appengea to
change the attributes for this line. (See SPECIFYING PENS below).

Sets the viepoint’s &imuth and elegtion (for perspectie view) [180/90]. (Not implemented for
paragraph mode).
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Sets the shade or color used for drawing tke [Pefault is BASEMAP_FRAME_RGB, the cur
rent frame color (by default black)] (See SPECIFYING COLOR below).

Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefwults4 file. If usedGMT default is 1 header record. Uséli if only input data should

have header records [Datilt will write out header records if the input dataenthem]. Blank lines

and lines starting with # arevadys skipped.

More PostScriptcode will be appended later [Default terminates the plot system].
Lists the font-numbers and font-namesikable, then exits.

Paagraph mode. Files must be multiple segment figgments are separated by a special record
whose first character must Bag [Default is '>]. Starting in the 3rd column, wegect to find
information pertaining to the typesetting of attparagraph (the remaining lines until nexgse
ment header). The information expected is (x y size angle fontno justify linespace parwidth par
just), wherex y 9ze angle fontno justifgre defined abe, while linespaceand parwidth are the
linespacing and paragraph width, respebti The justification of the text paragraph isvgmed

by parjustwhich may bd(eft), c(enter),r (ight), orj(ustified). Theseggment header is followed by

one or more lines with paragrapixtte Text may contain the escape sequences discusseg.abo
Separate paragraphs with a blank line.

Do NOT clip text at map boundaries [Default will clip].

Selects Overlay plot mode [Default initializes avrot system].

Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].
Draw text outline. Append pen attriies. (Noimplemented for paragraph mode).

Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which

will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢mtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Pant a rectangle beneath the text string. Set color [Default is noAifipendo to drav rectangle
outline, add gpento specify pen attributes [width = 1, color = black, texture = solid]. use a
comma to separate the fill information from the outline information if both are preShnbse
upper cas® to get a rounded rectangl€hoose lower caseto get a conozge rectangle (only in
paragraph mode). Choose upper dade get a covex rectangle (only in paragraph mod€pee
also SPECIFYING PENS and SPECIFYING COLOR below).

Shift plot origin relatve o the current origin byx¢shift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

For 3-D projections: Sets the zyMd of the basemap [0]. (Not implemented for paragraph mode).

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Specifies the number of plot copies. [Default is 1].

SPECIFYING PENS

pen

GMT4.2.1

The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|esi, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots
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SPECIFYING COLOR

color The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0—-1; or c/m/y/k, each in range 0-100%).

EXAMPLES

To plot the outlines of the text strings stored in the fild.teon a Mercator plot with the\gin gecifica-
tions, use

pstexttext.d—R-30/30/-10/20-Jm0.1i —P —B5 —S0.5 > plot.ps
To add a typeset figure caption for a 3-inch wide illustration, use

pstext —R0/3/0/5-JX3i —O —H -M - N << EOF >> figure.ps

This is an optional header record

>0-051204 0 13p 3ij

@%5%Figure 1.@%% This illustration shows nothing useful, but it still needs

a figure caption. Highlighted in @;255/0/0;red@;; you can see the locations

of cities where it is @_impossible@_ to gey gnod Thai food; these are to beomled.
EOF

WINDOWS REMARKS

BUGS

Note that under \Wdows, the percent sign (%) is a variable indicatore(fkunder Unix). To indicate a

plain percentage sign in a batch script you need to repeat it (%%); hence the font switching mechanism
(@%font% and @%%) may require twice the number of percent sidiss only applies to text inside a

script or that otherwise is processed by DOS. Data files that are opened and pstakbgo not need

such duplication.

In paragraph mode, the presence of composite characters and other escape sequences may lead to unfortu-
nate word splitting.

The —N option does not adjust the BoundingBox information so you mag tapost-process the Post-

Script outout with epstool or ps2epsi to obtain a correct BoundingBox.

SEE ALSO

GMT(1), pshasemafd)
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NAME
pswiggle — Plot anomaly along track on a map

SYNOPSIS
pswigglexyz_files-Jparameters-Rwesteastsouthinorth[r] —Zscale[ —Aazimuth] [ —B[p|s|parameterq
[ —Ccenter] [ -Dgap] [ —EazimutHelevation] [ —Gfill ][ —H[i][nred ] [ —Jz|Zparameterd [ —Ifix_az] [
-K ][ -MJflag]][ =N][ -O][ -P]1[ —9x]lonUlat0/lengtiunitg ][ —Tpen] [ —U[/dx/dy/][label ][ -V
]][ —\l{V?e]n] [ =X[alclr][x-shifful] ] [ =Y [alc|r][y-shif{u]] ] [ —ccopies] [ —:[ilo] ] [ ~bi[s|S|d|D][ncoll ] [
—fcolinfo

DESCRIPTION
pswigglereads X,y,2) triplets from files [or standard input] and plots z as a function of distance along track.
This means that twconsecutie (x,y) points define the local distance axis, and the laeadis is then per
pendicular to the distance axis. The user may set a preferred/@asitimaly plot direction, and if the
positve rormal is outside the plus/minus 90 degree wimdwound the preferred direction, then 180
degrees are added to the direction. Either the pesdithe ng@aive wiggle may be shaded. The resulting
PostScriptcode is written to standard output.

files List one or more file-names. If no files areegi, pswigglewill read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, apgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jjlon0/scale(Miller)

-Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalgEquidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—-Jglon0/latO/scalgOrthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspewt).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/lat0/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:
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—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—Jnlon0/scale(Robinson)
—JrlonO/scale(Winkel Tripel)
-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; tHeis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

Gives snomaly scale in data-units/distance-unit.

No space between the option flag and the associated arguments.

GMT4.2.1

Sets the preferred posii &imuth. Positre wiggles will "gravitate" tavards that direction.

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Subtracttenterfrom the data set before plotting [0].

Means there is a data gap if 2 conseeutbints are more thagap distance units apartor longi-
tude/latitude datgapis in km, else it is in the userinits.

Sets the viewpoirg’&imuth and eleation [180/90].

Set fill shade, color or pattern of pogitiwiggles [Default is black] (See SPECIFYING FILL
below).

Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines

and lines starting with # arevadys skipped.

Set a fixed azimuth projection for wiggles [Default uses track azimuth, buirjee

More PostScriptcode will be appended later [Default terminates the plot system].

Multiple segment file.Segments are separated by a record whose first charafitay. ifDefault is
>,

Pant negative wiggles instead of posite [Default].

Selects Overlay plot mode [Default initializes avrot system].

Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].
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Draws a simple vertical scale centered lon0O/lat0. Use —Sx to specify cartesian coordinates
instead.lengthis in z units, append unit name for labeling

Draw track [Default is no track]. Append pen attates to use [Defaults: width = 1, color = black,
texture = solid]. (See SPECIFYING PENS below).

Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which

will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢mtdefaults man page for details.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Draw wiggle outline [Default is no outline]. Append pen attributes to use [Defaults: width = 1,
color = black, texture = solid]. (See SPECIFYING PENS below).

Shift plot origin relatve o the current origin byx¢shift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 3 input columns].

Specifies the number of plot copies. [Default is 1].

Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give azme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

SPECIFYING PENS

pen

The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nerlnest, thick[er|esi, fat[ter|tesf], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL

fill

The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified amlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image. For 1-bit rasters: Bsi/patternfor inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transpareng. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR

color

EXAMPLES

The color of lines, areas and patterns can be specified by a valid color name (from thessystem’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

To plot the magnetic anomaly stored in the file track.xym along track @ 1000 nTesla/cm (after removing a
mean value of 32000e§la), using a 15-cm-wide Polar Stereographic map tickag B degrees in Portrait
mode, with positie anomalies in red on a blue track of width 0.25 points, use

GMT4.2.1
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pswiggle track.xym —R-20/10/-80/-60-JS0/90/1% -Z1000-B5 -P —-Gred —-T0.25,blue -S1000-V >
track_xym.ps

BUGS
Sometimes the (X,y) coordinates are not printed with enough significant digits, so the local perpendicular to
the track swings around a lofo e if this is the problem, you should do this:
awk '{if ( NR > 1) print atan2(y-$1, x-$2); y=$1; x=%$2; }’ yourdata.xyz | more

(note that output is in radians; on some machines you neatt"'t@do this). Then if these numbers jump
around a lot, you may do this:

awk { print NR, $0 } yourdata.xyz filterld —Fb5 —N4/0 ——D_FORMAT =%.12lg > smoothed.xyz

and plot this data set instead.

SEE ALSO
GMT(2), filterld(1), psbasemafl), splitxyZ1)
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NAME
psxy — Plot lines, polygons, and symbols on maps

SYNOPSIS
psxy files —Jparameters—Rwesteastsouthinorth[r] [ —A[m|p] ] [ —Bl[p|s|parameters] [ —Ccptfile ] [
—Ddxdy | [ —E[xlyIX|Y][n][capl/[-[+]perd ] [ -Gfill ] [ -H[il[nred ] [ -K ][ -L ][ -N][ -M[flag] ] [
O ][ -P][ —S[symbad][sizq ] [ ~U[/dxdy/[labell ] [ -V ][ -WI[-]+][peri ] [ —X[alc|r][x-shif{u]] ] [
=Y[alclr][y-shifful] ][ —:[ilo] ][ —ccopies] [ —bi[s|S|d|D][ncol ] [ —fcolinfo]

DESCRIPTION
psxy reads X.,y) pairs fromfiles[or standard input] and generateastScriptcode that will plot lines, poly-
gons, or symbols at those locations on a map. If a symbol is selected and no symbetsizbagipsxy
will interpret the third column of the input data as symbol size. Symbols veimms <= 0 are skippedif
no symbols are specified then the symbol code-{Sd®elov) must be present as last column in the input.
Multiple segment files may be plotted using thé option. If—-Sis not selected, a line connecting the data
points will be drawn insteadlo explicitly close polygons, useL. Select a fill with-G. If -G is set,-W
will control whether the polygon outline is drawn or not. If a symbol is seleetedind—W determines
the fill and outline/no outline, respeday. The PostScriptcode is written to standard output.

files List one or more file-names. If no files areegi, psxy will read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMEEASURE_UNIT setting in .gmtdefaults4,ulb
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, apgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jjlon0/scale(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jodon0/lat0/azimuth/scal€Oblique Mercator - point and azimuth)
—Joblon0/lat0/lonl/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—Jelon0/latO/scalg Equidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalg(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scaléAlbers)

-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/lat0/lat1/lat2/scaléLambert)
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MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
—JrlonO/scale(Winkel Tripel)
-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

-R xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; the is aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

OPTIONS
No space between the option flag and the associated arguments.

-A By default line segments are drawn as great circle aocdralv them as straight lines, use tha
flag. Alternatvely, add m to draw the line by first folleving a meridian, then a parallel. Or append
p to start follaving a parallel, then a meridian. (This can be practical tov dréines along paral-
lels, for example).

-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.
-C Give a olor palette file. When used witts, lets symbol fill color be determined by theaue in

the third column. Additional fields are shiftedeo by one column (optional size would be 4th
rather than 3rd field, etc.)f —Sis not setpsxy expects the user to supply a multjseent line or
polygon file (requires-M) and will look for —Zval strings in each multisegment head&he val
will control the color of either the line or polygon {iE is set) via the cpt file.

-D Offset the plot symbol locations by thesgii anountsdx/dy[Default is no ofset]. Onlyapplies to
symbols.

-E Draw error bars. Appendx and/ory to indicate which bars youamt to drav (Default is both x
and y). The x and/or y errors must be stored in the columns after the (x,y) pair [@iz)y
triplet]. Thecap parameter indicates the length of the end-cap on the error bars [0.25¢ (or 0.1i)].
Pen attrilntes for error bars may also be set (see SPECIFYING PENS below) [Defaults: width = 1,
color = black, texture = solid]A leading+ will use the lookup color (viaC) for both symbol fill
and error pen colowhile a leading will set error pen color and turnfafymbol fill. If upper case
X and/orY is used we will instead dra"box-and-whiskr" (or "stem-and-leaf") symbols. The x
(or y) coordinate is then taken as the medialue; and 4 more columns are expected to contain
the minimum (0% quartile), the 25% quartile, the 75% quartile, and the maximum (100% quartile)
vaues. The25-75% box may be filled by usingG. If n is appended tX (or Y) we daw a
notched "box-and-whisk" symbol where the notch width reflects the uncertainty in the median.
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-Sa
-Sb

-SB

-Sc
-Sd
-Se

-SE
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Then a 5th extra data column is expected to contain the number of points in the distribution.

Select color or pattern for filling of symbols or polygons [Default is no fill]. (See SPECIFYING
FILL below).

Note when—-M is chosenpsxy will search for-G and-W strings in all the subheaders and let
ary values thus foundver-ride the command line settings. The following special settings are also
supported=G- turns fill off and -G+ resets fill to the command line setting (or none if command
line —G not set); lilewise —W- turns outlines dfand -W+ resets outline to the command line set-
ting (or none if Also seeC for color look-up via-Z strings in the subheaders.

Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefwults4 file. If usedGMT default is 1 header record. Uséli if only input data should

have header records [Datilt will write out header records if the input dataenthem]. Blank lines

and lines starting with # arevedys skipped.

More PostScriptcode will be appended later [Default terminates the plot system].

Force closed polygons: connect the endpoints of the line-segment(s) angdotiygons. Also,in
concert with—-C, -M, and —Z settings in the headers will use the implied color for polygon fill
[Default is polygon pen color].

Multiple segment file.Segments are separated by a record whose first charafitey. ifDefault is
1>l].

Do NOT skip symbols thatdll outside map border [Default plots points inside border oriyie
option does not apply to lines and polygons which aveye clipped to the map region.

Selects Overlay plot mode [Default initializes avrot system].
Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

Plot symbols. If present, size is symbol size in the unit set in .gmtdefaults4 (unless c, i, m, or p is
appended). Ithe symbol code (see below) is notegi it will be read from the last column in the
input data; this cannot be used in conjunction with Optionally, append c, i, m, p to indicate

that the size information in the input data is in units of cm, inch, matgoint, respectiely.
[Default is MEASURE_UNIT]. Note: if you give loth size and symbol via the input file you
must useMEASURE_UNIT to indicate the units used for the symbol size.

The uppercase symbols C, D, G, H, I, N, S, T are normalized to va the same area as a circle

with diametersize while the corresponding lowercase symbols all are circumscribed by the circle.
Choose between these symbol codes:

x-dash. sizeis the length of a short horizontal line segment.
star. sizeis diameter of circumscribing circle.

Vertical bar extending fronbaseto y. sizeis bar width. Appendi if sizeis in x-units [De#ult is
plot-distance units]. By defaubbase= ymin. Appendbbaseto change this value.

Horizontalbar extending fronbaseto x. sizeis bar width. Append if sizeis in y-units [De&ult
is plot-distance units]. By defauliase= xmin. Appendbbaseto change this value.

dgrcle. sizeis diameter of circle.
damond. sizeis diameter of circumscribing circle.

dlipse. Direction (in degrees counter-clockwise from horizontal), major_axis, and minor_axis
must be found in columns 3, 4, and 5.

Same as-Se except azimuth (in degrees east of north) should bengnstead of direction.The
azimuth will be mapped into an angle based on the chosen map projeGmled/es the direc-
tions unchanged.) Furthermore, the axes lengths mustvee igi km instead of plot-distance
units. Anexception occurs for a linear projection in which we assume the elligseaas gien in
the same units aR.
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-Sh
-Si
-Sj

-SJ

-Sk

=Sl

-Sg
-Sn
-Sp
-Sq
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front. —Sfgap/sizédir][typd[: offsel. Supplydistance gap between symbols and symbol dize.
gapis neydive, it is interpreted to mean the number of symbols along the front insfgazbnd
dir to plot symbols on thkeft orright side of the front [Default is centered}ppendtypeto spec-
ify which symbol to plotbox, circle, fault, dlip, or triangle. [De#ult is fwilt]. Slipmeans left-lat-
eral or right-lateral strike-slip arrows (centered is not an optiéppend offsetto offset the first
symbol from the beginning of the front by that amount [Default is 0].

hexagon. sizeis diameter of circumscribing circle.
inverted triangle.sizeis diameter of circumscribing circle.

Rotated rectangle. Direction (in degrees counter-clockwise from horizontal), x-dimension, and y-
dimension must be found in columns 3, 4, and 5.

Same as-Sj, except azimuth (in degrees east of north) should bengnstead of direction.The
azimuth will be mapped into an angle based on the chosen map projeS&jdaa/es the direc-
tions unchanged.) Furthermore, the dimensions musiver igi km instead of plot-distance units.
An exception occurs for a linear projection in which we assume the dimensionsewrénghe
same units asR.

kustom symbol. Append <nameiZe and we will look for a definition file called <name>.def in
(1) the current directory or (2) in “/.gmt or (3) $3&MT_SHAREDIR /custom. Thesymbol as
defined in that file is of size 1.0 by default; the appersizaavill scale symbol accordinglyUsers
may add their own custom *.def files; see CUSTOM SYMBOLSelo

letter or text string (less than 64 characte@ive sze, and appendtring after the size. Note that
the size is only approximate; no individual scaling is done for different charaBensember to
escape special characterselik Optionally, you may append #6nt to select a particular font
[Default isANNOT_FONT_PRIMARY ].

octagon. sizeis diameter of circumscribing circle.
pentagon. sizeis diameter of circumscribing circle.
point. Nosize needs to be specified (1 pixel is used).

quoted line, i.e., lines with annotations such as contofippend f|f|n|l|X]info[:labelinfg. The
required agument controls the placement of labels along the quoted lines. Choose angong fiv
controlling algorithms:

ddisqc|ijm|p] orDdis{d|e|k|jm|n]
For lower cased, give distances between labels on the plot in your preferred measure-
ment unitc (cm), i (inch), m (meter), orp (points), while for upper cade, specify dis-
tances in map units and append the unit; choose ae@ng k (km), m (mile), n (nauti-
cal mile), ord (spherical dgree). [Defult is 1@ or 4i].

ffile.d Reads the ascii filffile.d and places labels at locations in the file that matches locations
along the quoted lines. Inexact mathces and points outside the region are skipped.

[ILlinell,line2,...]
Give start andstopcoordinates for one or more comma-separated straight meesgs.
Labels will be placed where these lines intersect the quoted lines. The format of each
line specification istart/stop wherestartandstopare either a specified poilan/lat or a
2-characterXY key that uses the justification format employedpstext to indicate a
point on the map, gén as [LCR][BMT]. L will interpret the point pairs as defining great
circles [Default is straight line].

nn_label
Specifies the number of equidistant labels for quoted lines line [1]. UppeNcstsets
labeling exactly at the start of the line [@aft centers them along the ling}l-1 places
one justified label at start, whiN+1 places one justified label at the end of quoted lines.
Optionally, append min_disfc|iim|p] to enforce that a minimum distance separation
between succesa labels is enforced.
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x|Xxfile.d
Reads the multi-segment fildile.d and places labels at the intersections between the
guoted lines and the linesxiile.d X will resample the lines first along great-circle arcs.
In addition, you may optionally appengdiugc|iim|p] to set a minimum label separation in the x-y plane
[no limitation].

The optionalabelinfo controls the specifics of the label formatting and consists of a concatenated
string made up of arof the following control arguments:

+aangle
For annotations at a fixed angtean for line-normal, or+ap for line-parallel [Default].

+cdX{/dy]
Sets the clearance between label and optiomalb@x. Appendc|iim|p to specify the
unit or % to indicate a percentage of the label font size [15%].

+d Turns on debug which will dve helper points and lines to illustrate the workings of the
guoted line setup.

+ffont Sets the desired font [DefaddlNNOT_FONT_PRIMARY ].

+g[color]
Selects opaquextboxes [Default is transparent]; optionally specify the color [Default is
PAGE_COLOR]. (SeeSPECIFYING COLOR below).

+jjust Sets label justification [Default is CM]. Ignored when -SqN|n+|-1 is used.

+kcolor
Sets color of text labels [Dafdilt is COLOR_BACKGROUND]. (SeeSPECIFYING
COLOR below).

+llabel Sets the constant label text.
+Lflag Sets the label text according to the specified flag:

+Lh Take te label from the current multigment header (first scan for an embedded
—L label option, if not use the first word following the segment flagdx multi-
ple-word labels, enclose entire label in double quotes.

+Ld Take the Cartesian plot distances along the line as the label; apfignpb as
the unit [Default IIMEASURE_UNIT].

+LD  Calculate actual map distances; appafjd|kim|n as the unit [Default is
d(egrees), unless label placement was based on map distances along the lines in
which case we use the same unit specified for that algoritR@duires a map
projection to be used.

+Lf Use text after the 2nd column in theé€fik label location file as the label.
Requires the fixed label location setting.

+Lx As +Lh but use the headers in thdile.d instead. Requirethe crossing file
option.
+ndx/dy]
Nudges the placement of labels by the specified amount (agfign{p to specify the

units). Incrementsire considered in the coordinate system defined by the orientation of
the line; userN to force increments in the plot x/y coordinates system [no nudging].

+0 Selects rounded rectangular text box [Default is rectanguNuat. applicable for cured
text (+v) and only makes sense for opaque text boxes.

+p[peri
Draws the outline of text boxsets [Default is no outline]; optionally specify pen for out-
line [Default is width = 0.25p, color = blackxtare = solid]. (See SPECIFYING PENS
below).
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+rmin_rad
Will not place labels where the lisefadius of curature is less thamin_rad[Default is
0].

+ssize Sets the desired font size in points [Default is 9].

+uunit Appendsunitto all line labels. lunit starts with a leading hypen (-) then there will be no
space between label value and the unit. [Default is no unit].

+v Specifies curved labels following the path [Default is straight labels].
+w Specifies ha mary (X, y) points will be used to estimate label angles [Default is 10].
+=prefix

Prependprefixto all line labels.If prefix starts with a leading hypen (-) then there will
be no space between label value and the prefix. [Default is no prefix].

=Sr rectangle. Naize needs to be specifieditbthe x- and y-dimensions must be found in columns 3
and 4.

-Ss gjuare. sizeis diameter of circumscribing circle.
-St triangle. sizeis diameter of circumscribing circle.

-Sv vector Direction (in dgrees counter-clockwise from horizontal) and length must be found in col-
umns 3 and 4size if present, will be interpreted as arrowwidth/headlength/headwidth [Default is
0.07%/0.3c/0.25c (or 0.03/0.14/0.1i)]. By default arrav attributes remains irariant to the length
of the arrev. To havethe size of the vector scalevdo with decreasing size, appemadorm, where
vectors shorter thanormwill have their attributes scaled by lengtikm To center vector on bal-
ance point, useSvb; to dign point with the vector head, us&vh; to dign point with the ector
tail, use—Svt [Default]. To give the head poin$’ ®ordinates instead of direction and length, use
—-Svs Upper cas®, H, T, Swill draw a double-headed vector [Default is single head].

-SV  Same as-Sy, except azimuth (in dgrees east of north) should beai instead of directionThe
azimuth will be mapped into an angle based on the chosen map proje&ioledves the direc-
tions unchanged.)

-Sw  pie wedge. Starand stop directions (in degrees cowtieckwise from horizontal) for pie slice
must be found in columns 3 and 4.

-SW  Same as-Sw, except azimuths (in degrees east of north) should\m gistead of the tavdirec-
tions. Theazimuths will be mapped into angles based on the chosen map proje&wieéves
the directions unchanged.)

-Sx cross. sizeis diameter of circumscribing circle.
-Sy  y-dash.sizeis the length of a short vertical line segment.

-U Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally, append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢mtdefaults man page for details.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Set pen attributes for lines or the outline of symb{efaults: width = 1, color = black, texture =
solid]. A leading+ will use the lookup color (viaC) for both symbol fill and outline pen color
while a leading- will set outline pen color and turnfafymbol fill. (See SPECIFYING PENS
below).

—-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page

GMT4.2.1 100ct 2007 6



PSXY(1) GeneridMapping Dols PSXY(1)

size.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the progripefault is the required number of columnsegi
the chosen settings].

—-C Specifies the number of plot copies. [Default is 1].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to bot&jive ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nerlnest, thick[er|es, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL
fill The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified gmlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image.oF 1-bit rasters: us@dpi/pattern for inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transparengd. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified afich eolor name (from the systesn’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

EXAMPLES
To plot solid red circles (diameter = 0.25 cm) at the positions listed in the file RED®Pa Mercator map
at 5 cm/degree of the area 150E to 154E, 18N to 23N, with tickmaaksedegree and gridlinesery 15
minutes, use
psxy DSDP.xy—R150/154/18/23-Jm5¢ -Sd).25 -Gred-B1gl5m | Ipr

To plot the xyz values in the file quakes.xyzm as circles with sizndiy the magnitude in the 4th column
and color based on the depth in the third using the color palette cpt on a linear map, use

psxy quakes.xyzm-R0/1000/0/1006-JX6i —Sc —Ccpt—-B200 > map.ps

To plot the file trench.xy on a Mercator map, with white triangles with sides 0.25 inch on the left side of the
line, spacedwery 0.8 inch, use

psxy trench.xy—R150/200/20/56-Jm0.15 —Sf0.8/0.1ilt -G white -W —-B10 | lpr br
To plot the data in the file misc.d as symbols determined by the code in the last column, and witlersize gi

by the magnitude in the 4th column, and color based on the third column via the color palette cpt on a lin-
ear map, use
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psxy misc.d—R0/100/-50/106-JX6i —S —Ccpt—B20 > t.ps

CUSTOM SYMBOLS
psxy and psxyz allows users to define and plot theiwro custom symbols. This is done by encoding the
symbol using a simple plotting code described WwelBut all the plotting codes for your wesymbol in a
file whose &tension must be .def; you may then address the symbol without giving the extension (e.g., the
symbol file tsunami.def is used by specifyigktsunami/size The definition file can contain wmumber
of plot code records, as well as blank lines and comment lines (starting witkx)and psxyz will look
for the definition files in (1) the current directpry2) the ~/.gmt directory and (3) the
$GMT_SHAREDIR /custom directoryin that order Freeform polygons (made up of straight lingse
ments and arcs of circles) can be designed - these polygons can be painted and filled with @giatern.
standard geometric symbols can also be used. Generate freeform polygons by starting with an anchor point
(append FWpen] and [ -Gfill ] to indicate pen and fill attributes):

x0 yO0 M

and drav a graight line from the current point to the next point with

X y D
or add an arc by using
XC yc r dirl dir2 A

When a record other than tBeor A is encountered, the polygon is closed and considered comiilete.
optional pen and fill setting hardwires particulalues for this feature. If not present the polygaharac-
teristics are determined by the command line settings for pen andidfileactvate fill or outline for ag
given polygon, give —G- or -W-. To add other geometric shapes to your custom symbol, agduanber
of the following plot code records (each accepts the optioraigen] and [ -Gfill ] at the end):

star: X y gze a

circle: x y gze c

Cross: x y gze X

diamond: X y gze d
ellipse: x y dr major minor e
hexagon: X y gze h
invtriangle: X y gze [

letter: X y gze string |
octagonx y gze g

pentagon: X y dze n

rect: X y xwidth  ywidth r
square: X y gze S

triangle:x y gze t

wedge: X y radius dirl  dir2 w

When designing your symbol, tixe yand other dimensions are relatito a ymbol of size 1, and all the
dimensions will be scaled by the actual symbol size chosen at run-ondesign a symbol, maka gid
paper withpsbasemap —R0.5/0.5/-0.5/0.5-JX4i —Ba0.1g0.05-P > grid.ps and dr& your symbol, cen-
tering it on (0,0). For examples of symbols, see the set supplied WIMT in $GMT_SHAREDIR /cus-
tom.

BUGS
The —N option does not adjust the BoundingBox information so you mag tapost-process the Post-
Script outout with epstool or ps2epsi to obtain a correct BoundingBox.
psxy cannot handle filling of polygons that contain the south or north gedesuch a polygon, maka
copy and split it into two and male each explicitly contain the polar point. Thedysolygons will combine
to give the desired effect when filled; to drautline use the original polygon.

SEE ALSO
GMT(1), pshasemafd), psxyZ1)
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NAME
psxyz - Plot lines, polygons, and symbols in 3-D

SYNOPSIS
psxyz files —Jparameters-Jz|Zparameters-Rwesteastsouttinorthl/zminzma[r] [ —B[p|s] parameterq
[ —Ccptfile] [ —EazimutHhelevation] [ -Gfill ][ -H[i][ nred ] [-K][-L][—- M[flag]][-N][-O1[-P]
[ -Q 1 [ —S[symba][sizq ] [ —U[/dxdy/][labell ] [ -V ] [ - W[-[+][peni | [ —X[alc|r][x-shif(u]] ] [
=Y[a|c|r][y-shiffu]] ] [ =Z zlevel] [ —:[i|o] ] [ —ccopies] [ —bi[s|S|d|D][ncoll ] [ —fcolinfo]

DESCRIPTION
psxyzreads (x,y,z) triplets frorfiles [or standard input] and generatesstScriptcode that will plot lines,
polygons, or symbols at those locations in 34ba symbol is selected and no symbol sizeagj then
psxyz will interpret the fourth column of the input data as symbol s¥nbols whose size is <= 0 are
skipped. Ifno symbols are specified then the symbol code-{Sdxelon) must be present as last column in
the input. Multiple segment files may be plotted using-thkeoption. If no symbols are selected, a line
will be drawvn. To explicitly close polygons, useL. Select a shade withG. If -G is set,~W will control
whether the polygon outline is drawn or ndita symbol is selected;G and—W determines the fill and
outline/no outline, respegtly. The PostScriptcode is written to standard output.

files List one or more file-names. If no files areegi, psxyzwill read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMEEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, apgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

=Jjlon0/scale(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve nmeridian and standard parallel)
—Jodon0/lat0/azimuth/scal€Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€éOblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—-Jelon0/latO/scalgEquidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalgOrthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scal€Albers)

-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/lat0/lat1/lat2/scaléLambert)
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MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
—JrlonO/scale(Winkel Tripel)
-JvlionO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

Sets the vertical scaling (for 3-D maps). Same syntadas

xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

No space between the option flag and the associated arguments.

-B

-C

GMT4.2.1

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Give a olor palette file.If —Sis set, let symbol fill color be determined by the t-value in the
fourth column. Additional fields are shifteda by one column (optional size would be in 5th
rather than 4th field, etc.)f —Sis not set, then psxyzpects a multisegment line or polygon file
(requires—M) where each ggnent header contains-&val string. Theval will control the color

of the line or polygon (usel) via the cpt file.

Sets the viewpoirg’&imuth and eleation [180/90].

Select color or pattern for filling symbols polygons [Default is no f{§ee SPECIFYING FILL
below).

Note when—-M is chosenpsxyz will search for-G and-W strings in all the subheaders and let
ary found \alues oer-ride the command line settings. The following special settings are also sup-
ported:—G- turns fill off and -G+ resets fill to the command line setting (or none if command line
-G not set); lilewise -W- turns outlines dfand -W+ resets outline to the command line setting
(or none if Also seeC for color look-up via-Z strings in the subheaders.

Input file(s) has Header record(dNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines

and lines starting with # arevadys skipped.

More PostScriptcode will be appended later [Default terminates the plot system].
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-L Force closed polygons: will connect the endpoints of the line-segment(s) angdalygons.
-M Multiple segment file.Segments are separated by a record whose first charafitey. ifDefault is
1>l].

-N Do NOT skip symbols that fall outside map border [Default plots points inside border only].
-0 Selects Overlay plot mode [Default initializes avrot system].
-P Selects Portrait plotting mod&MT Default is Landscape, sgentdefaultsto change this].

-Q Turn off the automatic sorting of items based on their distance from thewidhe default is to
sort the items so that items in the foreground are plotted after items in the background.

-S Plot symbols.sizeis symbol size in the unit set in .gmtdefaults4 (unessm, or p is appended).
If the symbol code (see below) is novai it will be read from the last column in the input data;
this cannot be used in conjunction with. Optionally, append c, i, m, p to indicate that the size
information in the input data is in units of cm, inch, metarpoint, respectiely. [Default is
MEASURE_UNIT]. Theuppercase symbols, C, D, G, H, I, N, S, Tare normalized to a the
same area as a circle of/gn sze, while the correspondingvi@rcase symbols are circumscribed
by the circle. Choose between:

-S- x-dash. sizeis the length of a short horizontal (x-dir) line segment.
-Sa  sfar. sizeis diameter of circumscribing circle.

-Sb  Vertical (b)ar extending fronbaseto y. sizeis bar width. Appendu if sizeis in x-units [Default is
plot-distance units]. By defaubbase= ymin. Appendbbaseto change this value.

-SB  Horizontal p)ar extending frombaseto x. sizeis bar width. Appendu if sizeis in y-units
[Default is plot-distance units]. By defauttase= xmin. Appendbbaseto change this value.

-Sc (c)ircle. sizeis diameter of circle.
-Sd (d)iamond. sizeis diameter of circumscribing circle.

-Se dlipse. Direction (in degrees counterclockwise from horizontal), major_axis, and minor_axis
must be found in columns 4, 5, and 6.

-SE  Same as-Se except azimuth (in degrees east of north) should bengnstead of directionThe
azimuth will be mapped into an angle based on the chosen map projeGmled/es the direc-
tions unchanged.) Furthermore, the axes lengths mustvee igi km instead of plot-distance
units. Anexception occurs for a linear projection if which we assume the ellipeae gien in
the same units aR.

-Sf front. —Sfgap/sizédir][typd[: offsel. Supplydistance gap between symbols and symbol dize.
gapis nedive, it is interpreted to mean the number of symbols along the front inskgazbnd
dir to plot symbols on thkeft orright side of the front [Default is centered}ppendtypeto spec-
ify which symbol to plotbox, circle, fault, dlip, or triangle. [De#ult is fwilt]. Slipmeans left-lat-
eral or right-lateral strike-slip arrows (centered is not an optiéppend offsetto offset the first
symbol from the beginning of the front by that amount [0].

-Sg octagon. sizeis diameter of circumscribing circle.
-Sh hexagon. sizeis diameter of circumscribing circle.
=Si inverted triangle.sizeis diameter of circumscribing circle.

-Sj Rotated rectangle. Direction (in degrees counter-clockwise from horizontal), x-dimension, and y-
dimension must be found in columns 4, 5, and 6.

-SJ Same as-Sj, except azimuth (in degrees east of north) should bengnstead of direction.The
azimuth will be mapped into an angle based on the chosen map proje&jdaa/es the direc-
tions unchanged.) Furthermore, the dimensions mustver igi km instead of plot-distance units.
An exception occurs for a linear projection in which we assume the dimensionsewrénghe
same units asR.
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kustom symbol. Append <nameiZe and we will look for a definition file called <name>.def in
(1) the current directory or (2) in “/.gmt or (3) $3MT_SHAREDIR /custom. Thesymbol as
defined in that file is of size 1.0 by deft; the appendesizewill scale symbol accordinglyThe
symbols are plotted in they plane. Usersnay add their own custom *.def files; see C@BT
SYMBOLS in thepsxy man page.

letter or text string (less than 64 characte@ive sze, and appendtring after the size. Note that

the size is only approximate; no individual scaling is done for different characters. Remember to
escape special characterselik Optionally, you may append #6nt to select a particular font
[Default isANNOT_FONT_PRIMARY ].

pentagon. sizeis diameter of circumscribing circle.

c(o)lumn (3-D) etending frombaseto z. sizesets base width (Usesizelysizéf not the same).
Appendu if sizeis in x-units [Default is plot-distance units]. By deft,base= 0. Append lbase
to change thisalue. Thefacet colors will be modified to simulate shadingse-SO to disable
such 3-D illumination.

(p)oint. Nosize needs to be specified.

quoted line, i.e., lines with annotations such as contours. It is assumed that each individual line
has a constarttleve (i.e., each line must lie in they plane). Appendd|f|n|l|x]info[:labelinfq.

The required @ument controls the placement of labels along the quoted lines. Choose among
five controlling algorithms:

ddisqc|ijm|p] orDdist{d|e|k|m|n]
For lower cased, give distances between labels on the plot in your preferred measure-
ment unitc (cm), i (inch), m (meter), orp (points), while for upper cade, specify dis-
tances in map units and append the unit; choose ae@ng k (km), m (mile), n (nauti-
cal mile), ord (spherical dgree). [Defult is 1@ or 4i].

ffile.d Reads the ascii filffile.d and places labels at locations in the file that matches locations
along the quoted lines. Inexact mathces and points outside the region are skipped.

[ILlinell,line2,...]
Give start andstopcoordinates for one or more comma-separated straight meesgs.
Labels will be placed where these lines intersect the quoted lirfes.format of each
line specification istart/stop wherestartandstopare either a specified poilan/lat or a
2-characterXY key that uses the justification format employedpstext to indicate a
point on the map, géen as LCR][BMT]. L will interpret the point pairs as defining great
circles [Default is straight line].

nn_label
Specifies the number of equidistant labels for quoted lines line [1]. UppeNcstsets
labeling exactly at the start of the line [@eft centers them along the ling}l-1 places
one justified label at start, whiN+1 places one justified label at the end of quoted lines.
Optionally, append min_disfc|iim|p] to enforce that a minimum distance separation
between succesa labels is enforced.

x|Xxfile.d
Reads the multi-ggnent filexfile.d and places labels at the intersections between the
guoted lines and the linesxiile.d X will resample the lines first along great-circle arcs.

In addition, you may optionally appengdiugc|iim|p] to set a minimum label separation in the x-y plane
[no limitation].

GMT4.2.1

The optionalabelinfo controls the specifics of the label formatting and consists of a concatenated
string made up of arof the following control arguments:

+aangle
For annotations at a fixed angtean for line-normal, or+ap for line-parallel [Default].
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+cdX{/dy]
Sets the clearance between label and optional text Appendc|iim|p to specify the
unit or % to indicate a percentage of the label font size [15%].

+d Turns on debug which will dve helper points and lines to illustrate thenkings of the
guoted line setup.

+ffont Sets the desired font [DefaddlNNOT_FONT_PRIMARY 1.

+g[color]
Selects opaque text boxes [Default is transparent]; optionally specify the colaultDef
PAGE_COLOR]. (SeeSPECIFYING COLOR below).

+jjust  Sets label justification [Default is CM]. Ignored when -SqN|n+|-1 is used.

+kcolor
Sets color of text labels [Dafdilt is COLOR_BACKGROUND]. (SeeSPECIFYING
COLOR below).

+llabel Sets the constant label text.
+Lflag Sets the label text according to the specified flag:

+Lh Take te label from the current multigment header (first scan for an embedded
—L label option, if not use the first word following thegseent flag). For multi-
ple-word labels, enclose entire label in double quotes.

+Ld Take the Cartesian plot distances along the line as the label; agfignpb as
the unit [Default IIMEASURE_UNIT].

+LD  Calculate actual map distances; appafjd|kim|n as the unit [Default is
d(egrees), unless label placemerasabased on map distances along the lines in
which case we use the same unit specified for that algorithm]. Requires a map
projection to be used.

+Lf Use text after the 2nd column in theé€fik label location file as the label.
Requires the fixed label location setting.

+Lx As +Lh but use the headers in thdile.d instead. Requirethe crossing file
option.
+ndx/dy]
Nudges the placement of labels by the specified amount (agfign{p to specify the

units). Incrementsire considered in the coordinate system defined by the orientation of
the line; userN to force increments in the plot x/y coordinates system [no nudging].

+0 Selects rounded rectangulakttéox [Default is rectangular]. Not applicable for cenv
text (+v) and only makes sense for opaque text boxes.

+p[peri
Draws the outline of te boxsets [Default is no outline]; optionally specify pen for out-
line [Default is width = 0.25p, color = blackxtare = solid]. (See SPECIFYING PENS
below).

+rmin_rad
Will not place labels where the ligeradius of curvature is less tharin_rad[Default is
0].

+ssize Sets the desired font size in points [Default is 9].

+uunit Appendsunitto all line labels. lunit starts with a leadingyipen (-) then there will be no
space between label value and the unit. [Default is no unit].

+v Specifies curved labels following the path [Default is straight labels].
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+w Specifies ha mary (X, y) points will be used to estimate label angles [Default is 10].

+=prefix
Prependprefixto all line labels.If prefix starts with a leading hypen (-) then there will
be no space between label value and the prefix. [Default is no prefix].

=Sr rectangle. Naize needs to be specifieditbhe x- and y-dimensions must be found in columns 4
and 5.

-Ss (s)quare. sizeis diameter of circumscribing circle.
-St (Hriangle. sizeis diameter of circumscribing circle.

-Su c(u)be (3-D). sizesets length of all sides. Appendf sizeis in x-units [Default is plot-distance
units]. Thefacet colors will be modified to simulate shadindse—SU to disable such 3-D illu-
mination.

-Sv (v)ector Direction and length must be found in columns 4 and $ze means
arrowwidth/headlength/headwidtm [[Default is 0.0786/0.3c/0.2% (or 0.03/0.14/0.1)]. By
default arrav attributes remains irariant to the length of the amo To havethe size of the ector
scale down with decreasing size, appandrm where vectors shorter tharorm will have their
attributes scaled by lengtidrm To center vector on balance point, usgvb; to dign point with
the vector head, usesvh; to dign point with the vector tail, useSvt [Default]. To give the head
point’s x, y z coordinates instead of direction and length, 4Ses Upper caseéB, H, T, S will
draw a double-headed vector [Default is single head].

-SV  Same as- Sy, except azimuth should bewgn instead of direction. The azimuth will be mapped
into an angle based on the chosen map projectiBnléaves the directions unchanged.)

-Sw  pie wedge. Starand stop directions (in degrees cowteckwise from horizontal) for pie slice
must be found in columns 4 and 5.

-SW  Same as-Sw, except azimuths (in degrees east of north) should\m gistead of the tavdirec-
tions. Theazimuths will be mapped into angles based on the chosen map proje&wieéves
the directions unchanged.)

—Sx (x)crosssizeis diameter of circumscribing circle.
-Sy  y-dash.sizeis the length of a short horizontal (y-dir) line segment.
-Sz zdash.sizeis the length of a short vertical (z-dir) line segment.

-U Draw Unix System time stamp on plotUser may specify where the lower left corner of the stamp
should fall on the page reledi o lower left corner of plot.Optionally append a label, ar (which
will plot the command string.)The GMT parameter&NIX_TIME andUNIX_TIME_POS can
affect the appearance; see ¢imtdefaults man page for details.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Set pen attributes for lines or the outline of symbols [Defaults: width = 1, color = blsitkete
solid]. A leading+ will use the lookup color (viaC) for both symbol fill and outline pen color
while a leading- will set outline pen color and turnfafymbol fill. (See SPECIFYING PENS
below).

-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

-Z For 3-D projections: Sets the zvd of the basemap [0].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].
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—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the progripefault is the required number of columnsegi
the settings].

—-C Specifies the number of plot copies. [Default is 1].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|es, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

SPECIFYING FILL
fill The attrilutefill specifies the solid shade or satidlor (see SPECIFYING COLOR below) or the
pattern used for filling polygonsPaterns are specified gmlpi/pattern wherepatterngives the
number of the built-in pattern (1-96) the name of a Sun 1-, 8-, or 24-bit raster file. @piesets
the resolution of the image.oF 1-bit rasters: us@dpi/pattern for inverse video, or append
:Fcolor[B[color]] to specify fore- and background colors (us#or = - for transparengd. See
GMT Cookbook & Technical Reference Appendix E for information on individual patterns.

SPECIFYING COLOR
color The color of lines, areas and patterns can be specified kafich eolor name (from the systesn’
X11/rghtxt file), by a grg shade (in the range 0—-255) or by a numerical color code (r/g/b, each in
range 0-255; h-s;vanges 0-360, 0-1, 0-1; or c/m/y/k, each in range 0-100%).

EXAMPLES
To plot blue columns (width = 1.25 cm) at the positions listed in the file heights.xyz on a 3-D projection of
the space (0-10), (0-10), (0-100), with tickmarkerg 2, 2, and 10, viewing it from the southeast at 30
degree elegtion, use:

psxyz heights.xyz —-R0/10/0/10/0/100-Jx1.25 -Jz0.12% -Sal.25% —-Gblue -B2:XLABEL:/2:YLA-
BEL:/10:ZLABEL::."3-D PLOT":15-E135/30-Uc —W —-P > heights.ps

BUGS
No hidden line remeal is employed for polygons and lines. Symbolswever, are first sorted according
to their distance from the viewpoint so that nearby symbols wilipoint more distant ones should yhe
project to the same x,y position.
psxyz cannot handle filling of polygons that contain the south or north gadesuch a polygon, maka
copy and split it into two and male each explicitly contain the polar point. Thedysolygons will combine
to give the desired effect when filled; to drautline use the original polygon.
The —N option does not adjust the BoundingBox information so you mag tapost-process the Post-
Script outout with epstool or ps2epsi to obtain a correct BoundingBox.

SEE ALSO
GMT(1), pshasemafd), psxy(1)
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sampleld — Resampling of 1-D data sets

SYNOPSIS

sampleldinfile [ —Fljalcin ] [ —HJil[nred ] [ —Ixinc ] [ —M[i|o][flag] ] [ —Nknotfile] [ —Sxstart] [
=Tx_col [ =V ][ —-b[ilo][s|S|d|D][ncol ] [ —f[ilo]colinfo]

DESCRIPTION
sampleldreads a multi-column ASCII [or binary] data set from file [or standard input] and interpolates the
timeseries/profile at locations where the user needsalnes: Thauser must provide the column number
of the independent (monotonically increasimgdecreasing) ariable. Equidistanbr arbitrary sampling
can be selectedAll columns are resampled based on ther sampling interal. Several interpolation
schemes arevailable. Extrapolatioroutside the range of the input data is not supported.

infile

OPTIONS

This is a multi-column ASCII [of binangee—b] file with one column containing the independent
variable (which must be monotonically in/de-creasing) and the remaining columns holding misc.
data alues. Ifno file is providedsampleldreads from standard input.

No space between the option flag and the associated arguments.

-F

-bo

Choose from (Linear),a (Akima spline),c (natural cubic spline), and (no interpolation: nearest
point) [Default is—Fa]. You may change the default interpolant; fd€ERPOLANT in your
.gmtdefaults4 file.

Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefwults4 file. If usedGMT default is 1 header record. Uséli if only input data should

have header records [Datilt will write out header records if the input dataenthem]. Blank lines

and lines starting with # arevadys skipped.

xinc defines the sampling intealv [Default is the separation between the first and second abscissa
point in theinfile]

Multiple segment file.Segments are separated by a record whose first charafitay. ifDefault is

1>l].

knotfileis an optional ASCII file with the x locations where the data set will be resampled in the
first column

For equidistant samplingxstart indicates the location of the first output value. [Default is the
smallest gen multiple of xincinside the range affile]

Sets the column number of the independent variable [Default is O (first)].
Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the progriidefault is 2 (or at least the number of columns
implied by-T)].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[i|o]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are

GMT4.2.1
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formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To resample the file profiles.tdgmb, which contains (time,distaneitygnaagnetics,batymetry) records,
at 1km equidistant intervals using Akimapline, use

sampleldprofiles.tdgmb-11-Fa -T1 > profiles_equi_d.tdgmb

To resample the file depths.dt at positions listed in the file grav_pos.dg, using a cubic spline for the interpo-
lation, use

samplelddepths.dt-Ngrav_pos.dg-Fc > new_depths.dt

SEE ALSO
GMT(), filter1d(1)
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NAME
spectrumld — compute auto— [and cross— ] spectra from one [or two] timeseries.

SYNOPSIS
spectrumld [ x[y]file ] —Ssegment_sidd —C[xycnpagd ] [ —-Ddt] [ —Nname_stemj [ -V ][ W ] [
=b[ilo][s|S|d|D][ncoll ] [ —f[i]o]colinfo]

DESCRIPTION
spectrumld reads X [and Y] values from the first [and second] columns on standard inpdy]fde].
These values are treated as timeseries X(t) [Y(t)] sampled at equal intervals dipaciésl apart. There
may be ap number of lines of inputspectrumldwill create file[s] containing auto— [and cross— ] spectral
density estimates by #ith's method of ensembleveraging of multiple gerlapped windws, using stan-
dard error estimates from Bendat and Piersol.

The output files hae 3 olumns: f or wp, and e. f or w is the frequeng or wavdength, p is the spectral
density estimate, and e is the one standaxdatien error bar size. These files are named based on
name_stem|If the—C option is used, up to eight files are created; otherwise only onevékpis written.

The files (which are ASCII unles$ois set) are as follows:

name_stempower
Power spectral density of X(t). Units of X * Xdt.

name_stemypower
Power spectral density of Y(t). Units of Y * Ydit.

name_stenspower
Power spectral density of the coherent output. Units same as ypower.

name_stempower
Power spectral density of the noise output. Units same as ypower.

name_stengain
Gain spectrum, or modulus of the transfer function. Units of (Y / X).

name_stemhase
Phase spectrum, or phase of the transfer function. Units are radians.

name_stemdmit
Admittance spectrum, or real part of the transfer function. Units of (Y / X).

name_stemsoh
(Squared) coherepapectrum, or linear correlation cdiefent as a function of frequeypc Dimen-
sionless number in [0, 1]. The Signal-to-Noise-Ratio (SNR) is coh / (1 - coh). SNR = 1 when coh
=0.5.

REQUIRED ARGUMENTS
X[y]file ASCII (or binary see-hi) file holding X(t) [Y(t)] samples in the first 1 [or 2] columni§.no file
is specifiedspectrumldwill read from standard input.

-S segment_sizes a radix-2 number of samples per windfor ensembleaeraging. Thesmallest
frequeng estimated is 1.08egment_size dt), while the largest is 1.0/(2dt). Onestandard error
in power spectral density is approximately 1.0 / sqd@ta/ segment_sijeso if segment_size
256, you need 25,600 data to get a one standard error bar of 10%. Cross-spectral error bars are
larger and more complicated, being a function also of the colyerenc

OPTIONS
-C Read the first tev columns of input as samples ofdwimeseries, X(t) and Y(t). Consider Y(t) to
be the output and X(t) the input in a linear system with ndisgtimate the optimum frequenc
response function by least squares, such that the noise output is minimized and the coherent output
and the noise output are uncorrelat€@ptionally specify up to 8 letters from the setycnp a
g o} in any ader to create only those output files instead of thaultefall]. x = xpower,y =
ypower,c = cpower,n = hpower,p = phasea = admit, g = gain, o = coh.
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-D dt Set the spacing between samples in the timeseries [Default = 1].
-N name_stenSupply the name stem to be used for output files [Default = "spectrum"].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Write Wavdength rather than frequenén column 1 of the output file[s] [Dafilt = frequeny,
(cycles /dt)].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 2 output columns].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufbd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
Suppose data.g is gtty data in mGal, sampledvey 1.5 km. To write its power spectrum, in
mGal**2-km, to the file data.xpowgeuse

spectrumlddata.g-S256-D1.5-Ndata

Suppose in addition to data.g yowéahta.t, which is topographin meters sampled at the same points as
data.g. © estimate various features of the transfer function, considering data.t as input and data.g as out-
put, use

paste data.t data.gpectrumld —256-D1.5-Ndata-C

SEE ALSO
GMT (1), grdfft(1)
REFERENCES
Bendat, J. S., and A. G. Piersol, 1986, Random Data, 2nd revised ed., Joh& Biles.
WEelch, P D., 1967, The use of Fast Fourier Transform for the estimation of power spectedhod based
on time aeraging wer short, modified periodograms, IEEE Transactions on Audio and Electroacoustics,
Vol AU-15, No 2.
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NAME
splitxyz — filter to divide (x,y,z[,distance,heading]) data into (x,y,z) track segments.

SYNOPSIS
splitxyz [ xyz[dh]file ] —Ccourse_changé¢ —Aazimuttitolerance] [ —Dminimum_distancé [ —Fxy_fil-
ter/z_filter] [ —-Ggap_distancg [ —H[i][nred ][ -M ][ —Nnamestenm [ -Qflags] [ -S]1[ -V ][ -Z ][
=:[ilo]1[ —blilo][s|S|d|D][ncol ][ —f[i|o]colinfo]

DESCRIPTION
splitxyz reads a series of (x,y[,z]) records [or optionally (x,y,z,d,h);-seption] from standard input [or
xyz[dh]filg] and splits this into separate lists of (x,y[,z]) series, such that each series has a nearly constant
azimuth through the x,y plane. There are options to choose only those series whieharéain orienta-
tion, to set a minimum length for series, and to high— or low—pass filter the z values and/or tiaesy v
splitxyz is a useful filter between datateaction andpswiggle plotting, and can also be used to divide a
large x,y,z dataset into gments. Theutput is alvays in the ASCII format; input may be ASCII or binary
(see—h).
xyz[dh]file(s)

3 (but see-Z) [or 5] column ASCII file [or binarysee —b] holding (X,y,z[,d,h]) data alues. ©

use (x,y,z,d,h) input, sorted so that d is non-decreasing, specifyStbgtion; default gpects
(x,y,2) only If no file is specifiedsplitxyz will read from standard input.

-C Terminate a segment when a course changmearlingcourse_changelegrees of heading is

detected.
OPTIONS

-A Write out only those segments which are withintelerancedegrees ofazimuthin heading, mea-
sured clockwise from North, [0 - 360]Default writes all acceptable segmentgardless of ori-
entation].

-D Do not write a segment out unless it is at leasisimum_distancanits long [0]

-F Filter the z values and/or the x,glues, assuming these are functions of d coordingtefilter

and z_filter are filter widths in distance unitdf a filter width is zero, the filtering is not per
formed. Theabsolute value of the width is the full width of a cosine—areh-fmss filter If the
width is positve, the data are low—pass filtered; ifgadve, the data are high—pass filtered by sub-
tracting the low—pass value from the observatli®. Ifz_filteris non-zero, the entire series of
input z values is filtered beforeyasegmentation is performed, so that the only eddects in the
filtering will happen at the beginning and end of the complete data stramy_filter is
non-zero, the data is first divided intgsents and then the x,y values of each segment are fil-
tered separatelyThis may introduce edgefetts at the ends of each segment, buvemts a
low—pass x,y filter from rounding fofhe corners of track genents. [Dediult = no filtering].

-G Do not let a sgment hae a @p «ceedinggap_distanceinstead, split it into te segments.
[Default ignores gaps].

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped. Not used with binary data.

-M Use Map units. Then x,y are inglees of longitude, latitude, distances are in kilometers, and
angles are azimuthgDefault: distanceare cartesian in same units as x,y adn angles are counter
clockwise from horizontal].

-N Create Named output files, writing each segment to a separate file in the working directory named
namestenprofile#, where# increases consecudly from 1. [Default writes entire output to std-
out, separating segments by sub-headings that start with > marks].

-Q Specify your desired output usingyatombination ofxyzdh in any order. Do not space between
the letters. Use lower cas@&he output will be ASCII (or binangee—-bo) columns of values cer
responding txyzdh[Default is—Qxyzdh(-Qxydhif -Z is set)].
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-S d and h is supplied. In this case, input containszxih. [Deéult expects (x,y,z) input, and d,h
are computed from delta x, deltaagcording to-M option]

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-Z Data h&e xy only (no z-column).

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the progripefault is 2, 3, or 5 input columns as set§,
~Z].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8& or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 1-5 output columns as setkj].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to bot@jive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufbd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
Suppose you want to maka wggle plot of magnetic anomalies ongsgents oriented approximately
east-west from a cruise called cag71 in the region —R300/315/12é20want to use a 100kme-pass
filter to smooth the tracks and a 500km high—pass filter to detrend the magnetic anofnalilets.

gmtlist cag71-R300/315/12/20-Fxyzdh |splitxyz —A90/15 -F100/-500-M -D100 -S -V | pswiggle
—R300/315/12/26-Jm0.6-Babf1:.cag71-T1 -WO0.75p—Ggray-2200 > cag71_wiggles.ps

MGD-77 users: For this application we recommend that you extract d, hniguii7list rather than hae
splitxyz compute them separately.

Suppose you k@& keen gven a kinary, double-precision file containing lat, lon, gravitglves from a sur
vey, and you want to split it into profiles namedrveyprofile# (when gap exceeds 100 kmilry this:

splitxyz suney.bin —Nsuney -V -G100-D100-: -M -bi3

SEE ALSO
GMT(1), mgd77list1), pswiggld€l)

GMT4.2.1 100ct 2007 2



SURFACE(1) GeneridMapping Tools SURRCE(1)

surface — adjustable tension continuous curvature surface gridding algorithm

SYNOPSIS

surface [ xyzfile | —Goutputfile.grd —Ixindunif][=+][/yindunit][=[+]] —Rwesteastsouthinorth[r] [
—Aaspect_ratig [ —Cconvegence_limit] [ —H[i][nred ][ —Lllower] [ —Luupper] [ —-Nmax_iterationg [
—-Q ][ —Sseach radiugm] ] [ —Ttension_factdi[b] ] [ =V[I] ] [ —Zower-relaxation_factor] [ —:[i|o] ] [
—bi[s|S|d|D][ncol] ] [ —fcolinfo]

DESCRIPTION

surface reads randomly-spaced (x,y,z) triples from standard inpuxyfgiild and produces a binary grid
file of gridded values z(x,y) by solving:

A-T)*LUL@)+T*L(2)=0

where T is a tension factor between 0 and 1, and L indicates the Laplacian opera@gves the "mini-

mum curvature" solution which is eggient to SuperMISP and the ISM packages. Minimum &tume

can cause undesired oscillations and false local maxima or minima (See Smitkssad, W090), and you

may wish to use T > 0 to suppress the$eced. Experienceuggests T~ 0.25 usually looks good for poten-

tial field data and T should be larger (T ~ 0.35) for steep topogmgth. T= 1 gves a larmonic surdice

(no maxima or minima are possible except at control data points). It is recommended that the user pre-
process the data withlockmean, blockmedian, or blockmode to asoid spatial aliasing and eliminate
redundant dataYou may impose laver and/or upper bounds on the solution. These may be entered in the
form of a fixed value, a grid with values, or simply be the minimum/maximum input data values.

xyzfile 3 column ASCII file [or binarysee—-b] holding (x,y,z) data &lues. Ifno file is specifiedsurface
will read from standard input.

-G Output file name. Output is a binary 2:grd file.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaay, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/aeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

OPTIONS

-A Aspect ratio. If desired, grid anisotrgpcan be added to the equatior&nateraspect_ratiowhere
dy = dx /aspect_ratiaelates the grid dimensions. [Default = 1 assumes isotropic grid.]
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Corvergence limit. Iteration is assumed tovkaorverged when the maximum absolute change in
ary grid value is less thanonvegence_limit (Units same as data z unitdDefault is scaled to
0.1 percent of typical gradient in input data.]

Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines

and lines starting with # arevadys skipped. Not used with binary data.

Impose limits on the output solutiolower sets the lower boundower can be the name of a
grid file with lower bound &lues, a fixed alue,d to set to minimum input value, arfor uncon-
strained [Dedwlt]. uuppersets the upper bound and can be the name of a grid file with upper
bound values, a fixed valugto set to maximum input value, orfor unconstrained [Default].

Number of iterations. Iteration will cease whesnvegence_limitis reached or when number of
iterations reachemax_iterations[Default is 250.]

Suggest grid dimensions whichveaa hghly composite greatest commaarcfor This allows sur
face to use seral intermediate steps in the solution, yieldiagtér run times and better results.
The sizes suggested b can be achied by dtering —R and/or-I. You can receer the—R and

-I you want later by usingrdsampleor grdcut on the output o$urface

Search radiusEntersearch _radiusin same units as x,y data; appeando indicate minutesThis
is used to initialize the grid before the first iteration; it is not worth the time unless the grid lattice
is prime and cannot kia regonal stages. [Default = 0.0 and no search is made.]

Tension fctor[s]. Thesenust be between 0 and Tension may be used in the interior solution
(abore gjuation, where it suppresses spurious oscillations) and in the boundary conditions (where
it tends to flatten the solution approaching the eddédsing zero for both values results in a mini-
mum curvature surface with free edges, i.e. a natural bicubic splsee-Ttension_factarto set

interior tension, angTtension_factdn to set boundary tensionf you do not appendor b, both

will be set to the samealue. [Dehult = 0 for both gies minimum curvature solution.]

Selects verbose mode, which will send progress reports to stdeau[Defns "silently"]. —VI
will report the comergence after each iteration;V will report only after each regional grid is
converged.

Overrelaxation &ctor This parameter is used to accelerate thevagance; it is a number
between 1 and 2A value of 1 iterates the equationsetly, and will always assure stable com-
gence. Lager values werestimate the incremental changes duringvemence, and will reach a
solution more rapidly it may become unstable. If you use a large value for doi®if it is a
good idea to monitor each iteration with thél option. [Defult = 1.4 comerges quickly and is
almost alvays stable.]

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 3 input columns].

Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGive ;me or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanf[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create gridded files will internally hold
the grids in 4-byte floating point arrays. This is done to coeseemory and futhermore most if not all
real data can be stored using 4-byte floating pahtes. Datavith higher precision (i.e., double precision
values) will loose that precision once GMT operates on the grid or writes wugritss. To limit loss of
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precision when processing data you shoulehgd consider normalizing the data prior to processing.

EXAMPLES
To gid 5 by 5 minute gravity block means from the ASCII data wdia5x5.xyg, using @ension_factor
= 0.25, aconvegence_limit= 0.1 milligal, writing the result to a file called Waii_grd.grd, and monitoring
each iteration, try:

surface hawaii_5x5.xyg—R198/208/18/25-15m —Ghawaii_grd.grd-T0.25-C0.1-VI

BUGS
surface will complain when more than one data point is found for amde and suggest that you run
blockmean blockmedian, or blockmodefirst. If you did runblockm* and still get this message it usually
means that your grid spacing is so small that you need more decimals in the output format used by
blockm*. You may specify more decimal places by editing the pararBettORMAT in your .gmtde-
faults4 file prior to runnindplockm*, or choose binary input and/or output using single or double precision
storage.

SEE ALSO
blockmealil), blockmediail), blockmodél), GMT(1), nearneighbo(l), triangulatg(1)

REFERENCES
Smith, W H. F, and P Wessel, 1990, Gridding with continuous curvature splines in tenSieophysics
55, 293-305.
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NAME
trend1d - Fit a [weighted] [robust] polynomial [or Fourier] model for y = f(X) to xy[w] data.

SYNOPSIS
trendld —-Fxymrw —Nfln_moddlr] [ xy[w]file ] [ —Ccondition_numbed [ —H[i][nred ] [ —I[confi-
dence levéll [ -V I[ =W ][ —:[ilo] 1] —b[ilo][s|S|d|D][ncoll ][ —f[ilo]colinfo]

DESCRIPTION
trendld reads x,y [and w]alues from the first tav[three] columns on standard input fgfw]file] and fits
a regession model y = f(x) + e by [weighted] least squares. The functional form of f(xX) may be chosen as
polynomial or Burier, and the fit may be made ro$t by iteratie reweighting of the data. The user may
also search for the number of terms in f(x) which significantly reduce the variance iny.

REQUIRED ARGUMENTS
-F Specify up to fie letters from the set {x y m r w} in &norder to create columns of ASCII [or
binary] output.x = x, y =y, m = nodel f(x), r = residual y - m, w = weight used in fitting.

-N Specify the number of terms in the modelmode| whether to fit a Fourier-(Nf) or polynomial
[Default] model, and appendto do a robust fit. E.g., a robust quadratic modeN8r.

OPTIONS
xy[wlifile
ASCII [or binary see-b] file containing x,y [w] @lues in the first 2 [3] columns. If no file is
specifiedtrendld will read from standard input.

-C Set the maximum allowed condition number for the matrix solutimmdld fits a damped least
squares model, retaining only that part of the eigee spectrum such that the ratio of theyést
eigervaue to the smallest eigealue iscondition_# [Default: condition_#= 1.0e06. ].

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

= Iteratively increase the number of model parameters, starting at onenumtddelis reached or
the reduction in variance of the model is not significant atdinéidence_levdével. You may set
- only, without an attached number; in this case the fit will be iteratith a default confidence
level of 0.51. Orchoose your own lel between 0 and 1. See remarks section.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Weights are supplied in input column 3. Do a weighted least squares fit [or start with these
weights when doing the iterad robust fit]. [Default reads only the first 2 columns.]

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 2 (6@ i$ set) columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 1-5 columns asvgn by —F].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).
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ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

REMARKS
If a Fourier model is selected, the domain of x will be shifted and scaled to [-pi, pi] and the basis functions
used will be 1, cos(x), sin(x), cos(2x), sin(2x), If.a polynomial model is selected, the domain of x will
be shifted and scaled to [-1, 1] and the basis functions will be Chebpsh@momials. Thesdhave a
numerical adantage in the form of the matrix which must beeited and allev more accurate solutions.
The Chebyshepolynomial of degree n has n+kteema in [-1, 1], at all of which its value is either -1 or
+1. Thereforeghe magnitude of the polynomial model dagénts can be directly comparedlOTE: The
stable model coefficients are Chebysheeficients. Thecorresponding polynomial cdifients in a + bx
+ cxx + ... are also gien in Verbose mode but users must realize that éhe NOT stable beyond degree 7
or 8. See Numerical Recipes for more discusskm.evaluating Chebyshepolynomials, segmtmath.

The —Nr (robust) and-I (iterative) options @aluate the significance of the impanent in model misfit
Chi-Squared by an F test. The a@lt confidence limit is set at 0.51; it can be changed witk Ithogtion.

The user may be surprised to find that in most cases the reductianance achieed by increasing the

number of terms in a model is not significant at a very high degree of confidemosxample, with 120

degrees of freedom, Chi-Squared must decrease by 26% or more to be significant at the 95% confidence
level. If you want to keep iterating as long as Chi-Squared is decreasingnfdence_leveb zero.

A low confidence limit (such as the default value of 0.51) is needed te tmakobust method evk. This
method iteratiely reweights the data to reduce the influence of outliers. The weight is based on the Median
Absolute Deviation and a formula from Huber [1964], and is 95% efficient when the model residaals ha
an outlier-free normal distrition. Thismeans that the influence of outliers is reduced only slightly at each
iteration; consequently the reduction in Chi-Squared is not very significant. If the procedure needs a fe
iterations to successfully attenuate their effect, the significaneleofehe F test must be keptio

EXAMPLES
To remove a Inear trend from data.xy by ordinary least squares, use:

trend1d data.xy—Fxr —N2 > detrended_data.xy
To make the abwe linear trend robust with respect to outliers, use:
trend1d data.xy—Fxr —N2r > detrended_data.xy

To find out hev mary terms (up to 20, say) in a robust Fourier interpolant are significant in fitting data.xy
use:

trend1ld data.xy—Nf20r -1 -V

SEE ALSO
GMT(1), gmtmattfl), grdtrend(1), trend2d1)

REFERENCES
Huber P. J, 1964, Robust estimation of a location paraméten,. Math. Stat., 35,3-101.

Menke, W., 1989, Geoptsical Data Analysis: Discretevarse TheoryRevised Edition, Academic Press,
San Diego.
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NAME
trend2d - Fit a [weighted] [robust] polynomial model for z = f(x,y) to xyz[w] data.

SYNOPSIS
trend2d —Fxyzmrw —Nn_mod€r] [ xyz[wl]file ] [ —Ccondition_number] [ -H]Ji][nred ][ -I[confi-
dence levéll [ -V I[ =W ][ =:[ilo] 1] —b[ilo][s|S|d|D][ncoll ][ —f[ilo]colinfo]

DESCRIPTION
trend2d reads x,y,z [and w]alues from the first three [four] columns on standard inputyajw]file] and
fits a regression model z = f(x,y) + e by [weighted] least squdres.fit may be made robust by itevati
reweighting of the data. The user may also search for the number of terms in f(x,y) which significantly
reduce the variance in z. n_model may be in [1,10] to fit a model of thevifegicform (similar to
grdtrend):

m1l + m2*x + m3*y + m4*x*y + m5*x*x + me*y*y + m7*x*x*x + m8*x*x*y + mo*x*y*y + m10*y*y*y .

The user must specifyNn_model the number of model parameters to use; thigl fits a bilinear trend,
—-N6 a quadratic surface, and so o@ptionally appendr to perform a robst fit. In this case, the program
will iteratively reweight the data based on ausbscale estimate, in order to gerge to a ®lution insensi-
tive o outliers. Thismay be handy when separating agfomal” field from a "residual” which should\ea
non-zero mean, such as a local mountain on a regional surface.

-F Specify up to six letters from the set {x y z m r w} inyasrder to create columns of ASCII [or
binary] output.x = X, y =y, Z = z m = model f(x,y), r = residual z - m, w = weight used in fitting.

-N Specify the number of terms in the modelmodel and append to do a robust fit. E.g., a robt
bilinear model is-N4r.

OPTIONS
xyz[w]file
ASCII [or binary see—b] file containing x,y,z [w] &lues in the first 3 [4] columns. If no file is
specifiedtrend2d will read from standard input.

-C Set the maximum alleed condition number for the matrix solutiotrend2d fits a damped least
squares model, retaining only that part of the eigee spectrum such that the ratio of theyést
eigervaue to the smallest eigealue iscondition_# [Default: condition_#= 1.0e06. ].

-H Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefwults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped.

= Iteratively increase the number of model parameters, starting at onenumtddelis reached or
the reduction in variance of the model is not significant atdinéidence_levdével. You may set
- only, without an attached number; in this case the fit will be iteratith a default confidence
level of 0.51. Orchoose your own lel between 0 and 1. See remarks section.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Weights are supplied in input column 4. Do a weighted least squares fit [or start with these
weights when doing the iterad robust fit]. [Default reads only the first 3 columns.]

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. [Default is 3 (6t i set) input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is 1-6 columns as set+¥#j.
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—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give azme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

REMARKS
The domain of x and y will be shifted and scaled to [-1, 1] and the basis functionsliafietn Chebyshe
polynomials. Thesdave a numerical adentage in the form of the matrix which must beeited and
allow more accurate solutions. In maapplications oftrend2d the user has data located approximately
along a line in the x,y plane which negkan angle with the x axis (such as data collected along a road or
ship track). In this case the accuracould be improed by a otation of the x,y ags. trend2d does not
search for such a rotation; instead, it may find that the matrix problem has deficienHcawdver, the
solution is computed using the generalizedkiise and should still ark out OK. The user should check
the results graphically trend2d showvs deficient rank.NOTE: The model parameters listed with' are
Chebyshe coefficients; thg are not numerically equélent to the m#s in the equation describedvabo
The description ahe is to dlow the user to matchN with the order of the polynomial sade. er evalu-
ating Chebyshepolynomials, segrdmath.

The -Nn_modal (robust) and-I (iterative) options &aluate the significance of the impanent in model

misfit Chi-Squared by an F test. The default confidence limit is set at 0.51; it can be changed with the
option. Theuser may be surprised to find that in most cases the reductianance achied by increas-

ing the number of terms in a model is not significant a¢rg figh degree of confidenc&or example,

with 120 dgrees of freedom, Chi-Squared must decrease by 26% or more to be significant at the 95% con-
fidence leel. If you want to keep iterating as long as Chi-Squared is decreasirapndieience_levetb

zero.

A low confidence limit (such as the default value of 0.51) is needed te tmakobust method evk. This
method iteratiely reweights the data to reduce the influence of outliers. The weight is based on the Median
Absolute Deiation and a formula from Huber [1964], and is 95% efficient when the model residuals ha
an outlier-free normal distrition. Thismeans that the influence of outliers is reduced only slightly at each
iteration; consequently the reduction in Chi-Squared is not very significant. If the procedure needs a fe
iterations to successfully attenuate their effect, the significaneleofehe F test must be keptio

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufbd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To remove a panar trend from data.xyz by ordinary least squares, use:

trend2d data.xyz—Fxyr —N2 > detrended_data.xyz

To make the ab@e danar trend robust with respect to outliers, use:

trend2d data.xzy—-Fxyr —N2r > detrended_data.xyz

To find out hav mary terms (up to 10) in a robust interpolant are significant in fitting data.xyz, use:

trend2d data.xyz-N10r -1 -V
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SEE ALSO
GMT(1), grdmath1), grdtrend(1), trend1d1)

REFERENCES
Huber P. J, 1964, Robust estimation of a location paraméten,. Math. Stat., 3%,3-101.

Menke, W., 1989, Geophysical Data Analysis: Discreieise TheoryRevised Edition, Academic Press,
San Diego.
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NAME
triangulate — Perform optimal Delayngiangulation and gridding of Cartesian data [method]

SYNOPSIS
triangulate infiles[ —Dx|y ] [ —Eempty] [ —Ggrdfile] [ —H[i][nred ] [ —Ixindunit][=|*+][/yindfunif][=]+]] ]
[ —Jparameters] [ —M]Jilo][flag] ] [ —Rwesteastsouthinorth[r] 1 [ -V 1 [ -Z 1 [ =:ilo] 1 [
=b[ilo][s|S|d|D][ncoll ] [ —f[i]o]colinfo]

DESCRIPTION
triangulate reads one or more ASCII [or binary] files (or standard input) containing x,y[,z] and performs
Delaung triangulation, i.e., it find he the points should be connected teeghe most equilateral triangu-
lation possible. If a map projection is chosen then it is applied before the triangulation is caldsyated.
default, the output is triplets of point id numbers that enag ech triangle and is written to standard out-
put. Theid numbers refer to the points position (line numktrting at 0 for the first line) in the input file.
As an option, you may choose to create a multiphensat file that can be piped througéxy to draw the
triangulation netwrk. If -G —I are set a grid will be calculated based on theaserflefined by the planar
triangles. Theactual algorithm used in the triangulations is either that of Watson [1982] [Default] or
Sheavchuk [1996] (if installed; typériangulate — to see which method is selected). This choice is made
during theGMT installation.

infles Data files with the point coordinates in ASCII (or binary; sbg If no files are gien the stan-
dard input is read.

OPTIONS
-D Take ather thex- or y-derivatives o surface represented by the planar facets (only used w@en
is set).

-E Set the value assigned to empty nodes witgis set [NaN].

-G Use triangulation to grid the data onto aeregrid (specified with-1, —R). Appendthe name of
the output grid file.The interpolation is performed in the original coordinates, so if your triangles
are close to the poles you are bettdrpobjecting all data to a local coordinate system before
usingtriangulate (this is true of all gridding routines).

-H Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped.

= x_inc[and optionallyy ind sets the gridsize for optional grid output (se€3). Appendm to
indicate minutes ot to indicate seconds.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by append@ or m to the scale/widthalue. For
map height, max dimension, or min dimension, apgenrd or - to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jjlon0O/scale(Miller)

—Jmscale(Mercator - Greenwich and Equator as origin)
—JmlonO/latO/scalgMercator - Gve nmeridian and standard parallel)
—Jodon0/lat0/azimuth/scal@Oblique Mercator - point and azimuth)
—Joblon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jglon0/scale(Equidistant Cylindrical Projection (Plate Carree))
—Jtlon0O/scale(TM - Transverse Mercatpwith Equator as y = 0)
—Jtlon0/latO/scalgTM - Transverse Mercatpset origin)
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—bi

GMT4.2.1

—Juzone/scaldUTM - Universal Transverse Mercator)
-JylonO/lats/scalgBasic Cylindrical Projection)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat0/scalgLambert)

—JelonO/lat0/scalgEquidistant)

—Jflon0/latO/horizon/scaléGnomonic)

—Jglon0/latO/scalg(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat0fslat/|scale(General Stereographic)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scal€Equidistant)
=JllonO/latO/lat1/lat2/scaléLambert)

MISCELLANEOUS PROJECTIONS:

—-JhlonO/scale(Hammer)
—JilonO/scale(Sinusoidal)
-JK[f|s]lonO/scale(Eckert IV (f) and VI (s))
—-Jnlon0/scale(Robinson)
=JrlonO/scale(Winkel Tripel)
—-JvlonO/scale(Van der Grinten)
—JwlonO/scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

Output triangulation network as multiple linegsgents separated by a record whose first character
is flag[>]. To plot, usepsxy with the—M option (see Examples).

xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicateavéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
Controls whether binary data file hasotar three columns [2]. Ignored ifb is not set.

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
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it exceeds the columns needed by the program. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input]. Node ids are stored as binary 4-byte integer trigets.
is ignored if-M is selected.

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive ;e or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve o cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[i|o]g means-f[i|o]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufbd if available) or specify more decimals using the
D_FORMAT setting.

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create gridded files will internally hold
the grids in 4-byte floating point arrays. This is done to coeseemory and futhermore most if not all
real data can be stored using 4-byte floating pahtes. Datavith higher precision (i.e., double precision
values) will loose that precision once GMT operates on the grid or writes wugritss. To limit loss of
precision when processing data you shoulehgd consider normalizing the data prior to processing.

EXAMPLES

To triangulate the points in the file samples.xyz, store the triangle information in a binary file, and mak
grid for the g¥en area and spacing, use

triangulate samples.xyzbo —R0/30/0/30-12 —-Gsurf.grd > samples.ijk

To draw the optimal Delaunetriangulation netwrk based on the same file using a 15-cm-wide Mercator
map, use

triangulate samples.xyzM —R-100/-90/30/34-JM15¢c | psxy -M —R-100/-90/30/34-JM 15¢c -W0.5
-B1 > network.ps

SEE ALSO
GMT(1), pscontou(l)

REFERENCES
Watson, D. F., 1982, Acord: Automatic contouring ofrrdata,Comp. & Geosci., 87-101.
Shavchuk, J. R., 1996, riangle: Engineering a 2D Quality Mesh Generator and Delaunapgulator,
First Workshop on Applied Computational Geometry (Philadelphia, PA), 124-133, ACM, May 1996.
www.cs.cmu.edu/~quake/triangle.html
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NAME
xyz2grd — Comerting an ASCII or binary table to grid file format

SYNOPSIS
xyz2grd xyzfile —-Ggrdfile —Ixindunif][=+][/yindunit][=[+]] —Rwesteastsouthinorth[r] [ —A[n|z|u|l ] [
—-Dxnaméynaméznaméscaldoffsettitie/remark ] [ —E[nodatd ] [ —F ] [ —H]Ji][nred ] [ —~Nnodata] [
-9zfilg ][ -V ][ —-Z[flagg ] [ —:[i|o] 1 [ —bi[s|S|d|D][ncol] ] [ —fcolinfo]

DESCRIPTION
xyz2grd reads a z or xyz table and creates a binary grid Xya2grd will report if some of the nodes are
not filled in with data. Such unconstrained nodes are set to a value specified by the user [Default is NaN].
Nodes with more than one value will be set to treeame alue. Asan option (using-Z), a 1-column z-ta-
ble may be read assuming all nodes are present (z-tables can ganimregr in a number of formats, see
—Z below.)

[xy]zfile
ASCII [or binary] file holding z or (x,y,z)alues. xyZriplets do not hae o be orted (for binary
triplets, see-b). 1-columnz tables must be sorted and th& must be set).

-G grdfileis the name of the binary output grid file.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaay, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to O it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheveyaeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtgT[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

OPTIONS
-A Add up multiple values that belong to the same node (samA&zs Appendn to simply count
the number of data points that were assigned to each Aqbendl or u to find the lowest (mini-
mum) or upper (maximum)alue at each node, respeely. [Default (no—A option) will calcu-
late mean alue]. Ignoredf —Z is given.
-D Give \alues forxname yname zname scale, offset, title andremark To leare sme of theseal-

ues untouched, specify = as thaue. Alternatrely, to dlow "/" to be part of one of thealues,
use alg non-alphanumeric character as separator by both starting and ending wotheitafple:
—D:xnameynameznamescaleoffsettitle:remark

-E Corvert an ESRI Arcinfo ASCII interchange grid format file toxGMT grid. Appendnodata
which is a data value that should be set to NaN in the grida[lltefs to read the optional 6th
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record in the file and getodatd. Thevalues normally gien by —R, —I, and —F are determined
from the ESRI header instead.

-F Force pixel registration [Default is grid registration].

-H Input file(s) has Header record(dNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped. Not used with binary data.

-N No data. Set nodes with no input xyz triplet to this value [Default is N&Wj.z-tables, this
option is used to replace z-values that eqoaatawith NaN.

-S Swap the byte-order of the input onlfNo grid file is produced.You must also supply theZ
option. Theoutput is written tafile (or stdout if not supplied).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-Z Read a 1-column ASCII [or binary] tabl&his assumes that all the nodes are present and sorted
according to specified ordering a@ntion contained irflags If incoming data representsas,
makeflags start withT(op) if first rov is y = ymax orB(ottom) if first rav is y = ymin. Then,
append. or R to indicate that first element is at left or right end ef.rd.ikewise for column for
mats: start with. or R to position first column, and then appéendr B to position first element in
arow. For gridline registered grids: If data are periodic inut the incoming data do not contain
the (redundant) column at x = xmax, appe&nd-or data periodic in y without redundantwat y
= ymax, appeng. Appendsn to skip the firsh number of bytes (probably a headdif)the byte-
order needs to be swapped, appendelect one of seral data types (all binary excegt

a ASCII representation

¢ signed 1-byte character

u unsigned 1-byte character

h short 2-byte integer

i 4-byte integer

| long (4- or 8-byte) integer [architecture-dependent!]
f 4-byte floating point single precision

d 8-byte floating point double precision

Default format is scanline orientation of ASCIl numbetZTLa. Note that-Z only applies to
1-column input.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the progrfpefault is 3 input columns].This option only
applies to xyz input files; se& for z tables.

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give azme or more columns (or
column ranges) separated by commAppendT (Absolute calendar time),(time relatve to cho-
senTIME_EPOCH ), x (longitude),y (latitude), orf (floating point) to each column or column
range item. Shorthanef[ilo]g means-f[i|o]0x,1ly (geographic coordinates).

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create gridded files will internally hold
the grids in 4-byte floating point arrays. This is done to coeseemory and futhermore most if not all
real data can be stored using 4-byte floating pahtes. Datavith higher precision (i.e., double precision
values) will loose that precision once GMT operates on the grid or writes wugritss. To limit loss of
precision when processing data you shoulehgd consider normalizing the data prior to processing.
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EXAMPLES
To areate a grid file from the ASCII data invii_grv.xyz, use

xyz2grd hawaii_grv.xyz -Ddegree/degree/mGal/1/0/"tWaiian Gravity"/"GRS-80 Ellipsoid used"
—Ghawaii_grv_newn.grd —R198/208/18/25-15m -V

To areate a grid file from the wabinary (3-column, single-precision) scanline-oriented datebrause

xyz2grd raw.b —Dm/m/m/1/0/=/=—Graw.grd -R0/100/0/100-11 -V -Z -b3

To make a gid file from the rav binary USGS DEM (short intger) scanline-oriented data topo30. on the
NGDC global relief Data CD-ROM, withalues of -9999 indicate missing data, one must on some machine
reverse the byte-orderOn such machines (li& Sun), use

xyz2grd topo30.—-Dm/m/m/1/0/=/=—Gustopo.grd-R234/294/24/506-130c—N-9999-V —-ZTLhw

Say you hee received a hinary file with 4-byte floating points that were written on a machine tdrdift
byte-order than yoursYou can swap the byte-order with

xyz2grd floats.bin—-Snew_floats.bin-V —Zf

SEE ALSO
GMT(1), grd2xyZ1), grdedit(1)
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